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AN INSTALLATION OF IBM ELECTRONIC DATA-PROCESSING MACHINES 
TYPE 702 AND ASSOCIATED EQUIPMENT 



ELECTRONIC DATA-PROCESSING MACHINE 

Type 702 



NEWEST of IBM's contributions to the field of busi- 
ness management are the Electronic Data-Processing 
Machines. This equipment has developed from IBM's 
wide experience and practical research in the use of 
electronics for effective management tools. 

The IBM Type 702 is a powerful management and 
accounting system which incorporates the latest elec- 
tronic devices — magnetic tapes, magnetic drums, and 
electrostatic storage. It is designed to fill the need 
of management for the handling of large amounts of 
data at electronic speeds, just as the earlier Type 701 
Electronic Data-Processing Machine met the scientist's 
need for performing complex calculating problems. 

In designing the 702, IBM has used the most ad- 
vanced, fully proved technical developments avail- 
able today. The extremely flexible, unitized construc- 
tion of the 702 not only insures maximum utility of 
each component, but also guarantees that any new 
or improved component available in the future may 
be readily incorporated into the existing system with- 
out affecting the continuity of that system. 

Input-Output Devices 

Data are introduced into the system from both 
IBM cards and magnetized plastic tape. Results can 
be printed, punched into IBM cards, or written on 
magnetic tape, all in the same procedure. Any prac- 
tical number of such input or output devices — such 
as card readers, tape units, card punches, and printers 
— may be incorporated in the system to provide the 
desired complete flexibility of entering data into the 
system and recording the final results. 

Input-output devices identical to, and interchange- 
able with, those described for use as a part of the 
system, may also be used in separate, independent 
operations of converting from cards to tape, tape to 
cards, or tape to printed report. 

The 702 handles numerical and alphabetic char- 
acters and a variety of symbols with equal facility 
in reading, recording, or internal processing. 



Magnetic Tape 

The principal record and file storage medium is 
magnetic tape, which is physically similar to the 
plastic tape used in sound recording devices. Infor- 
mation is recorded in the form of magnetized spots, 
as the tape moves at the rate of 75 inches per second. 
Recording density is 200 characters to the inch. 

The tape may be used for repeated processing, and 
provides permanent record storage with great savings 
in space and at minimum cost. Magnetic tape is a 
very economical medium. It can be used repetitively 
to store new data, the old information being auto- 
matically erased just prior to a new recording. 

Individual records on tape may be variable in length 
and may consist of from one to several thousand 
characters. Within a unit record there may be several 
different fields and each field may vary in length. 

Storage 

Electrostatic memory is the principal storage me- 
dium within the machine. It consists of cathode ray 
tubes which can store up to 10,000 characters of 
information in the form of electrostatic charges. 
Characters are stored in, and read from, memory at 
the rate of twenty-three one-millionths of a second 
per character. A highly flexible system for locating 
individual character positions in memory makes pos- 
sible the rapid selection of any stored record, field, 
or any individual character within a record. 

The 702 has two accumulator storage units, each 
with a capacity of 512 character positions. An accu- 
mulator storage unit serves as a temporary storage for 
information from electrostatic memory while such in- 
formation is being acted upon either logically or 
arithmetically. 

Additional storage, as required, may be provided 
through the use of magnetic drum storage units, each 
having a capacity of 60,000 characters. 

Practically unlimited storage can be obtained on 
magnetic tape. 
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Logical Ability 

Operation of the 702 is controlled by coded 
instructions stored in memory. The machine acts 
upon these instructions in a sequence determined by 
the programmer. Alternate instructions designed to 
handle special circumstances may also be pre-arranged 
in memory, so that the machine will automatically 
follow them when these special conditions are recog- 
nized. In fact, the 702 may be caused to modify its 
own instructions. 

This "stored program" method of procedure opens 
new areas of mechanization because it brings within 
the scope of a regular procedure specific instructions 
for handling many exceptions to the normal process- 
ing routine. 

Checking 

The 702 automatically checks the validity of each 
character handled. In addition, the stored program 
principle permits the use of systems checks to prove 
the consistency of results. The detection of a possible 
error may be used either to stop the machine or to 
cause it to take corrective steps, at the discretion of 
the programmer. 

Application 

The Type 702 can be used for a wide variety of 
applications. Its tremendous capacity and operating 
speed bring data processing to areas which here- 
tofore have been outside the practical limits of 
mechanization. 

INFORMATION STORAGE 

A total of 10,000 characters can be stored at any 
one time within the main storage unit of the Type 
702. A character may be a letter of the alphabet, a 
decimal number, or any of eleven different punctua- 
tion marks or symbols used in report printing. 

Characters may be arranged in any sequence to 
form fields of various sizes to make up records. A 
record may be of any length within the capacity of 
the storage unit, from one to several thousand char- 
acters. An entire record, a field within a record, or 
an individual character can be located by referring 
to its proper location number or "address." 

The versatility of this storage unit is made possible 
by the use of cathode ray tubes which are 3" in 



diameter. This type of tube is familiar to everyone 
as the picture tube in the home television receiver. 
Intensive research by IBM has further developed this 
type of tube for use as a storage medium in the 702 
with exceptionally high standards of performance. 
In the 702, a character is represented in storage by a 
particular combination of seven dot and dash charges 
or bits on the face of the tube. 

The bit charges are spaced within a regular grid 
pattern as shown in Figure 1. Once a character is 
stored, it will be maintained or "remembered" by a 
system of automatic regeneration until it is replaced 
with new information or the power is turned off. 
Thus the storage unit is referred to as Electrostatic 
Memory, ESM, or simply Memory. 

As a record is read into positions of storage, any 
information previously placed in those locations will 
be erased. To read out a character, field, or record, 
the electron beam is returned to the same location 
where the information has been previously stored to 
sense the dots and dashes found there. A record may 
be read from memory as many times as desired. 
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Figure 1. Cathode Ray Tube 
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Figure 2. Organization of Data Transmission 



The coding of characters within the machine need 
not concern the operator or programmer during nor- 
mal operation. Data are read by the input devices 
directly as punched in standard IBM cards or as 
recorded on tape. Results can be obtained in the same 
direct manner without decoding from binary or other 
forms of notation. The reading and interpretation of 
an instruction calling for the location of information 
in memory is performed in .138 milliseconds (thou- 
sandths of a second) . Characters are read or stored at 
the rate of .023 milliseconds each. A record of 100 
characters can therefore be located and transferred 
to accumulator storage from memory in 2.438 milli- 
seconds, or in slightly more than 2.4 thousandths of 
a second, including instruction time. 

All data to be processed by the various components 
of the 702 must pass through electrostatic -memory, 
except when the independent operations of reading 
from cards to tape, tape to cards, and tape to printer 
are performed. Figure 2 shows the organization of 
data transmission. Smaller capacities of storage can 
be provided when desired, but because operating in- 



structions are also stored in memory, 2,000 positions 
are considered a minimum. Storage units can be added 
in multiples of 2,000 up to 10,000 positions. Storage 
tubes are arranged in drawers in the arithmetic and 
logical unit for easy access and interchangeability 
(Figure 3). 




Figure 3. Memory Drawer 



TYPE 702 ELECTRONIC D ATA - P R O C E S S I N G MACHINE 




STORAGE 



Figure 4. Memory Address System 

Each one of the 10,000 positions of memory is 
numbered from 0000 to 9999 and each stored char- 
acter must occupy one of these positions (Figure 4). 
This serial number of the memory position is known 
as the "address" of that position. The location of 
information can thus be specified exactly by the 
address of the memory positions where it is stored. 
Since all memory positions are addressable, data need 
not be handled in uniform record lengths, blocks, or 
words. Records can be of variable lengths within the 
same procedure. Other components of the machine 
are also assigned addresses. 

STORED PROGRAM 

The Type 702 can perform 32 separate operations, 
including reading, writing, comparing, arithmetic op- 
erations, and others. The machine is completely con- 
trolled during these operations by the use of the 
stored program. 

Several stages of preparation are usually necessary 
to set up a program for data processing: 

1. The procedure is analyzed and broken down in 
terms of the basic operations which the machine can 
perform. These operations are arranged in the com- 
binations and sequences necessary to produce the de- 
sired results. One method is to prepare a detailed 
procedure outline or flow chart. 

2. The operations to be performed in working the 
procedure are then written in a form which can be 
"understood" by the machine. For this purpose, each 



possible operation is designated by a single character 
(Operation Chart Figure 78), either a letter of the 
alphabet or a number. To the machine, for example, 
the letter G means add and the number 4 means 
compare. Each operational step will later be seen to 
consist of two parts: (a) the operation part, which 
tells the machine what function to perform, such as 
add, subtract, compare, or control; (b) the address 
part, which is the address of data stored in memory 
to be operated upon or the machine unit to be called 
into use. The complete operational step, including 
operation part and address part, is known as an "in- 
struction." A complete series of instructions becomes 
a program. Preparation of a program for the 702 
is analogous to wiring a control panel for other types 
of IBM accounting machines. 

3. The program is read into memory from either 
punched cards or tape by a loading procedure. The 
loading of a program corresponds to placing a control 
panel in an accounting machine before feeding cards. 

4. The machine is set to the location of the first 
instruction of the program in memory by depressing 
the reset key, by manual instruction, or by the load- 
ing procedure. The machine executes the first in- 
struction and can then find and execute succeeding 
instructions automatically. The sequence in which 
they are executed is determined by the order in which 
they are stored or by instructions within the program 
itself. 

The Type 702 operates entirely without the use of 
control panels. Instructions may be stored on drum, 
tape, or cards, but at the time they are to be executed 
by the machine, they must be stored in memory. 
Each time an operation is performed, the machine 
looks up the instruction in memory, executes it, and 
then goes back to memory for the next instruction. 
The normal sequence of instructions Can be altered, 
however, by means of certain "transfer" operations 
by which any instruction in memory can be selected, 
regardless of its position in the program. 

The program is stored in memory in exactly the 
same manner as data. The distinction between the two 
is the way in which they are interpreted by the ma- 
chine. An instruction may be caused to enter the 
arithmetic unit in the same manner as data. Thus, 
one instruction may call for the modification of an- 
other instruction by directing the machine to compute 
a new address or to substitute a new address. A 
program may operate on itself and compute one of 
its own instructions. Or, a program may choose among 
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several instructions, depending upon the results ob- 
tained in the course of the problem. This ability of 
the machine to modify and relocate instructions at 
high speed lends great flexibility to its operation and 
enlarges the scope of its application. 

A single instruction or program step consists of 
two separate parts: 

1. the operation part of one character which de- 
termines the operation to be performed. 

2. the address part of four digits which is the 
address of some position in memory, an input- 
output device, a drum section, or an indicator. 

A schematic diagram of an instruction is shown in 
Figure 5. Note that the instruction occupies five 
positions of memory. 



Component Addresses 

All components of the machine, as well as indi- 
vidual positions of memory, are assigned addresses in 
order that they may be called upon by the operation 
part of an instruction. The following addresses are 
assigned: 

ADDRESS COMPONENT 

0000-9999 Memory 

0100-0199 Card Readers 

0200-0299 Tape Units 

0300-0399 Card Punches 

0400-0499 Printers 

0500-0599 Typewriter 

1000-9999 Drum Sections 

0911-0915 Alteration Switches 

0900 Instruction Check Indicator 

0901 Machine Check Indicator 

0902 Read- Write Check Indicator 

0903 Printer-Punch Check Indicator 

0904 Overflow Check Indicator 

0905 Sign Check Indicator 

Select (2-SEL) 

These units are called into use during a program by 
preceding the address part of the instruction by a 
select operation part. In this manner, the machine 
differentiates between a memory address and the ad- 
dress of a component. The address 0100, for example, 
when preceded by an add operation part, instructs the 
machine to add data stored at memory address 0100. 
When the address is preceded by a select operation 
part, the instruction refers to card reader 0100. 

Only one unit can be selected at a time and the 
selected device remains selected until another select 
instruction is given. 



OPERATIONS 



A data-processing procedure may use many or all 
of the various operations which the machine can per- 
form. These operations are defined in detail in this 
section, with sample problems of data conversion, 
arithmetic and alphamerical operations, checking and 
end-of-file procedures, table look-up, and others. 

It should be clearly understood, however, that the 
following examples are not intended to be complete 



procedures or primary applications of an installation, 
but that they are offered only as illustrations of basic 
principles of operation. For example, end-of-file rou- 
tines, checking procedures, and error correction are 
omitted from the introductory problems. The prob- 
lems are presented in the sequence best suited for 
learning machine principles, and not in the order of 
their importance. 
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Figure 6. Flow of Data from Cards to Tape 
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Each instruction and machine unit is described as 
it is first introduced. The instruction title is followed 
by its operation part and abbreviation. For most of 
the operations, a sample program and explanation are 
presented. 



DATA CONVERSION 

Tape-to-card, card-to-tape, and tape-to-print oper- 
ations are normally carried out independently. Data 
conversion through the arithmetic and logical unit 
is done only as a part of more complex processing in- 
volving not only the input-output units but the 
arithmetic and logical components as well. 

Card-to-Tape Conversion through Memory 

Figure 6 illustrates the flow of information for the 
processing of data from cards to magnetic tape. The 
procedure, when reduced to basic machine steps, re- 
quires five operations which may be described as 
follows: 

1. Select a card reader. 

2. Read the card record into memory. 

3. Select a tape unit. 

4. Write the record from memory on tape. 

5. Transfer to repeat the operations until all cards 
are processed. 

Note that two machine units are selected by the 
programmed instructions, a card reader and a tape 
unit. Two operations are performed, reading the card 
record and writing on tape. A transfer operation is 
inserted to repeat or "loop" the program until all the 
card records are read. 

This section shows the development of the program 
with a description of the machine units used and an 
explanation of operations. 

Card Reader, Type 712 

The Type 702 uses the IBM punched card as a 
source of input data. Punched cards prepared by other 
IBM accounting machines can be further processed 
by the 702 and the results can be recorded either on 
magnetic tape, other punched cards, or printed 
records. 

For handling card input data, the 702 is equipped 
with card readers which read cards into electrostatic 



memory at the rate of 250 cards per minute. The 
Type 712 Card Reader reads the standard IBM 
punched hole coding. Figure 7 is a schematic of the 
feed unit and card stations in the card reader. 

Cards are first fed into a control or check station. 
A second station reads the card into a record storage 
unit and from there into memory. A check is made 
with the punching read at the first station to verify 
the accuracy of reading. A record storage unit is pro- 
vided for each card reader. After the card has been 
read into record storage, it is transferred to memory 
at the high internal speed of the 702. Further instruc- 
tions can then be executed. Calculations made from 
the card record may be transmitted to other output 
units, which in turn may begin writing results while 
the next card record is being fed. 

All 80 card columns, including blank columns, 
must be read into memory during each read cycle. 
Rearrangement of fields can be accomplished after 
the card record has been stored in memory. 

A detailed description of the switches, signal lights 
and other operating features of the card reader will 
be found under the sections on machine components. 
The 702 may be equipped with any number of card 
readers up to 100. Each card reader requires a control 
unit containing timing, decoding and other circuits 
used in reading cards into memory. 
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Magnetic Tape Unit, Type 727 

A Beading or writing operation on magnetic tape 
is performed by the tape unit. Oxide coated plastic 
tape is used on reels 10^4 inches in diameter in lengths 
up to 2400 feet per reel. The speed for reading or 
writing is the same, 75 inches per second. Rewind time 
averages 500 inches per second. 

Information is recorded on the tape in the form of 
magnetized spots at a density of 200 characters to 
the inch. Figure 8 compares the size of an IBM card 
with a strip of tape containing 80 characters. The 
end of a record is indicated by a % inch inter-record 
gap or blank space on the tape. The end of recorded 
information on the tape is indicated by a tape mark 
which appears after the inter-record gap that follows 
the last record. The physical ends of the tape are indi- 
cated by reflective spots, which are photo-electrically 
sensed by the tape unit. Records of any length may 
be stored on tape, limited only by the capacity of 
memory. 

Figure 9 shows schematically the position of the 
tape reels in relation to the read-write heads and feed 
rollers. A loop of tape is fed through vacuum columns 
on both sides of the read-write head to permit con- 
stant feeding speed without waiting for the reels to 
accelerate or decelerate when starting and stopping. 
The tape unit, as well as other components of the 
702, is called into use by the select operation part 
of a program instruction. The address part of the 
instruction determines which unit is selected. A unit 
may be assigned any one of ten addresses associated 
with its control unit, from 0200 to 0209, by a dial 




Figure 8. Card and Tape Record 



arrangement on the tape unit. Up to three units may 
be assigned the same address to write duplicate tapes, 
provided the checking features of the units are not 
required. (Duplicate recordings can be made only by 
the tape units.) The unit is told whether to read or 
write by the program instruction following the select 
instruction. 

Any number of tape units up to 100 may be ob- 
tained with the 702. Certain common circuits are 
contained in the tape control unit which can handle 
up to ten tape units. Each additional ten units require 
a separate control unit. 

A detailed description of switches and signal lights 
will be found in the section on machine components. 

Read (Y-READ) 

1. The read instruction is used to store a record in 
electrostatic memory from an input unit or a drum. 
A select instruction is first given to specify the par- 
ticular unit or drum section from which to read. 

2. Information is read into memory successively 
from left to right, starting at the memory position 
specified by the address part of the instruction. For 
example, in card reading (Figure 6), the instruction 
read 0501 will read column 1 of the card into mem- 
ory position 0501, column 2 into position 0502, 
column 3 into 0503, and so on until position 0580 
is reached. In tape reading, the number of memory 
positions used depends upon the length of the unit 
record. The number of positions read from the drum 
depends upon the position of the drum mark. 

3. All characters from an entire unit record, in- 
cluding blank characters, are stored in memory by 
the read instruction. All 80 columns of a card will 
always be entered into memory. Unpunched columns 
are entered as blank characters. In tape reading, the 
first character of the record is stored at the memory 
address specified by the address part of the instruc- 
tion. The limits of the record being read are defined 
by the inter-record gap on the tape. In drum reading, 
the first character in the drum section previously 
specified by a select instruction will be read into the 
position of memory specified by the read instruction. 
A partial record cannot be stored in memory by a 
read instruction. 

4. When the end of a record is sensed while read- 
ing, a record mark is automatically emitted into the 
next higher memory address following the last char- 
acter of the record. From cards, the record mark will 
always be placed in the 81st memory position to the 
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right of the position specified by the address part of 
the read instruction. In Figure 6 this is position 0581. 
From tape, sensing the inter-record gap causes a rec- 
ord mark to be recorded in memory. In drum reading, 
sensing the drum mark causes a record mark to be 
recorded in memory. Consequently, the record in 
memory occupies one more position than it does on 
cards or tape. 

Write (R-WRITE) 

1 . The write instruction causes a record to be writ- 
ten from memory to an output unit or to be stored 
on the drum. The output unit may be a tape unit, 
a card punch, a printer, or a typewriter. A select in- 
struction is first given to specify the unit to be used 
for writing or the drum section to be used for storage. 

2. Information is written from memory successively 
from left to right, starting at the memory position 
specified by the address part of the instruction and 
continuing until a record mark is reached. The record 
mark is not written or punched. 



When cards are being punched, the character stored 
in the memory position specified by the address part 
of the write instruction will be punched in column 1. 
The second character from memory will be punched 
in column 2, the third in column 3, and so on until 
the record mark is reached. If the length of the 
record is less than 80 columns, the remaining 
columns in the card will remain unpunched. 
Records longer than 80 characters will be punched 
in successive cards by a single write instruction. The 
write status will be maintained and subsequent opera- 
tions delayed until the last card of a single record 
has been read into record storage. The 81st character 
of the record in memory will be punched in column 1 
of the second card. 

When a record is being written on tape, sensing 
the record mark in memory will automatically cause 
an inter-record gap to be placed on the tape to define 
the limits of the record. When a record is written on 
the drum, the record mark in memory is converted 
to a drum mark at the end of the record. 

On the printer, the first character of the record 
specified in memory will be printed by print wheel 1 , 
the second by print wheel 2, and so on until 120 
characters have been written. If the length of the 
record is less than 120 characters, the remaining print 
wheels do not print. Records longer than 120 char- 
acters will be printed on successive lines by a single 
write instruction. The write status will be maintained 
and subsequent operations will be delayed until the 
last block of characters has been read into record 
storage. The write instruction should not be addressed 
to the memory address of a record mark. 

Rearrangement of record fields for writing will be 
discussed under the store-for-print instruction and in 
later program examples. 

3 . The record in memory is unaffected by the write 
instruction. Note: The carriage switch on the printer 
may be set to program. In this case the first char- 
acter of the record stored in memory is used for 
skipping and space control. This will be more fully 
explained in the section Machine Components. 

Transfer (1-TR) 

The transfer instruction is used to change the se- 
quence in which instructions of a program are exe- 
cuted. The address part of the instruction specifies 
the memory address of the right-hand digit of the 
next instruction to be executed. 
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Program, Card to Tape 

The program for processing information from 
cards to tape, using the instructions and components 
previously described, may be written as in Figure 10. 



Instruction 
Number 


Instruction 


Operation 
Abbrev . 


Operation 
Part 


Address 


1 


SEL 


2 


0100 


2 


READ 


Y 


0501 


3 


SEL 


2 


0200 


4 


WRITE 


R 


0501 


5 


TR 


1 


(Address of 
Instruction) 



Figure 10. Program, Card-to-Tape 
Conversion 



To store the program so that the machine may 
execute it, each instruction is assigned storage space 
in memory. The address of the right-hand digit is 
considered the address of the instruction. Thus the 
location of instruction 1 in memory is 0004, instruc- 
tion 2 is 0009, and so on. Figure 11 shows the pro- 
gram with memory address locations. The operation 
abbreviations shown are not stored in memory but 
are written merely for the convenience of the pro- 
grammer. Note that the transfer instruction may 
now be given the address of the first instruction of 
the program to form a program "loop." The program 
is repeated until all records have been processed. 
Figure 12 is a schematic of the card-to-tape program 
stored in memory. An explanation of the program 
in Figure 11 follows. 

0004. Select card reader 0100. 

0009. Read a unit card record into memory, be- 
ginning at address 0501. Continue to read the card 
into successively higher-order memory addresses until 
all 80 columns are stored. Store a record mark in the 
next higher memory position, 0581. 

0014. Select tape unit 0200. 

0019. Write the record stored in memory begin- 
ning at address 0501 and continue writing from sue- 



Instruction 
Location 


Instruction 


Operation 
Abbrev . 


Operation 
Part 


Address 


0004 


SEL 


2 


0100 


0009 


READ 


Y 


0501 


0014 


SEL 


2 


0200 


0019 


WRITE 


R 


0501 


0024 


TR 


1 


0004 



Memory 
Address 
Memory 
Positions 



Instructions 



On o 

is 



88 



2:8 
88 



20 


1 


Y0 5 


1 


20200R0501 


1 


4 



Select 
Cord 
Reader 



Read 
Card 
Record 



Select 
Tape 
Unit 



Write Transfer 

Record to First 
Instruction 



Figure 11. Program, Card-to-Tape 
Conversion 



Figure 12. Memory Storage, Card-to-Tape 

cessively higher-order memory positions until the 
record mark is reached. 

0024. Transfer to the instruction located at mem- 
ory address 0004 and repeat the program until all 
records are processed. 

Tape-to-Card Conversion through Memory 

Information stored on magnetic tapes may be 
processed as input data by the 702 and the results 
can be punched in IBM cards. For this purpose, a 
tape unit is used as an input device and a card punch 
as an output device. Cards prepared by the card 
punch may be further processed by IBM accounting 
machines. Figure 13 shows the flow of data from 
the tape through memory to the card punch. 

Card Punch, Type 722 

Cards are punched by the Type 722 at the rate of 
100 cards per minute. A record is punched from 
memory in the same order or arrangement in which 
it is stored. The record can be rearranged in memory 
to fit established card fields before it is punched 
(refer to load and unload instructions). Figure 14 
illustrates the feed stations in the card punch. 

Punching is checked by reading the card at the 
brush station after it is punched. 

The 702 can be equipped with from 1 to 100 card 
punches. Each punch requires a control unit contain- 
ing the necessary decoding, checking and timing 
circuits. 

Program, Tape to Card 

The program for tape-to-card operation is also 
reduced to sequential steps which conform to the 
various 702 operations, as follows: 

1. Select a tape unit. 

2. Read a record from the tape into memory. 

3. Select a card punch. 

4. Punch the record from memory into a card. 

5. Transfer to repeat the operations until all rec- 
ords are processed. 
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Figure 13. Flow of Data from Tape to Cards 
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Figure 14. Schematic, Card Punch Feed 
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The program steps for these operations are shown 
in Figure 15. Note that memory addresses have been 
assigned to each step. 

0004. Select tape unit 0201. 

0009. Read a unit record from the tape into mem- 
ory, beginning at address 0501. Continue to read 
the tape into successively higher memory positions 
until the inter-record gap is reached. Store a record 
mark in memory at the end of the record (address 
0529). 

0014. Select card punch 0300. 

0019. "Write the record stored in memory begin- 
ning at address 0501. and continue to write from 
successively higher-order memory positions until the 
record mark is reached. 

0029. Transfer to the instruction located at mem- 
ory address 0004 and repeat the program until all 
records are processed. 



H 8 Z R 



Instruction 
Location 


Instruction 


Operation 
Abbrev. 


Operation 
Part 


Address 


0004 


SEL 


2 


0201 


0009 


READ 


Y 


0501 


0014 


SEL 


2 


0300 


0019 


WRITE 


R 


0501 


0024 


TR 


1 


0004 



Figure 15. Program, Tape-to-Card 
Conversion 



Converting Tape to Cards and Printing 
through Memory 

Results may be printed in report form directly 
from the 702 by the use of the Type 717 Printer. 

Printer, Type 717 

The 702 can be equipped with any number of 
print units from 1 to 100. Each printer has 120 
print wheels with 47 characters per wheel (Figure 
16). Printing speed is 150 lines per minute. Each 
printer requires a control unit. 

Information within each line is printed in exactly 
the same order in which it is received from memory. 
Any arrangement of data to fit report forms must 
be made by programming in memory before a write 
instruction is given. Form spacing and skipping may 
be either under complete control of the program or 
under control of the carriage control switch. 




L T 2 

Figure 16. Schematic of Print Wheel 

Records longer than 120 characters will be printed 
on successive lines by a single write instruction. The 
printer receives 120 characters at a time from memory 
and the write status is maintained until the last block 
of characters in the record has been sent to the printer 
as indicated by sensing the record mark in memory. 

The accuracy of printing is checked by comparing 
the position of the print wheels against the informa- 
tion actually sent to the printer from memory. A 
more detailed explanation is given under Checking. 

Program, Tape-to-card and Printer 

Information from tape may be punched in cards 
and also written on the printer during the same pro- 
cedure by the program shown in Figure 15. Two 
additional instructions are necessary: a select instruc- 
tion to select the printer and a second write in- 
struction to transfer the record from memory to the 
printer. The complete program with assigned memory 
locations for each instruction is shown in Figure 17. 



Instruction 
Location 


Instruction 


Operation 
Abbrev . 


Operation 
Part 


Address 


0004 


SEL 


2 


0200 


0009 


READ 


Y 


0501 


0014 


SEL 


2 


0300 


0019 


WRITE 


R 


0501 


0024 


SEL 


2 


0400 


0029 WRITE 


R 


0501 


0034 TR 


1 


0004 



Figure 17. Program, Converting Tape 
to Cards and Printing 
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ARITHMETIC INSTRUCTIONS 

The 702 adds, subtracts, multiplies, and divides when 
it is given arithmetic instructions. These instructions 
can be applied to data stored either in accumulator 
storage or in memory. They are normally applied to 
specific numerical factors or fields, either single fac- 
tors developed during calculation or fields selected 
from unit records. 

To select a field from memory to be acted upon 
by an arithmetic instruction, the field is addressed 
by the memory position of its units digit. The re- 
maining digits of the field are automatically read 
from right to left until a non-numerical character 
is reached. All characters, including blanks, are con- 
sidered non-numerical except the digits through 9. 
Thus, a numerical field in memory can be defined as 
beginning with the address of its units digit and 
extending to, but not including, the next left non- 
numerical character. 

Field A in Figure 19 is defined by an arithmetic 
instruction as containing the digits between the ad- 
dresses 0504 and 0501 inclusive, while field B con- 
tains the digits between 0507 and 0505 inclusive. 
The addresses of fields A and B are 0504 and 0507, 
respectively. 

Arithmetic instructions should always be addressed 
to "signed" fields and both positive and negative 
fields should be signed. Numerical fields are signed 
by placing a plus or minus sign indication over the 
units digit of the field. The sign indication actually 
converts a numerical digit to a non-numerical char- 
acter in the same manner that an X or 12 punch over 
a digit punch in IBM cards forms a letter of the alpha- 
bet. On the 702, the equivalent of the 12 zone in 
punched cards indicates the plus sign, the X zone 
the minus sign. 

The absence of a zone or the presence of a zero 
zone does not satisfy the requirements of a signed 
field. When an unsigned field is addressed by an 
arithmetic instruction, the sign is interpreted as plus. 
The correct arithmetic will be performed but the 
machine will indicate an error condition. (Refer to 
Sign Check Indicator.) 

Arithmetic and Logical Unit 

An add-subtract unit, controls for effecting multi- 
plication and division, controls for comparing the 
contents of accumulator storage and memory, and 



miscellaneous circuits to control accumulator storage 
are located in the arithmetic and logical unit. These 
components do not store information, but instead 
merely operate on the characters as they pass through. 
Their function is to receive data from memory and 
operate on it in accordance with the instructions 
obtained from the stored program. Results are al- 
ways stored either in accumulator storage or in 
memory, depending upon the instruction. 

Accumulator Storage 

Two accumulator storage units are located in the 
arithmetic and logical unit, each consisting of seven 
cathode ray tubes of the same type as those used in 
memory. Each accumulator storage unit is completely 
independent of the other and operations on data in 
one will not affect data stored in the other. Both 
accumulator storage units operate in an identical 
manner. They are designated as Accumulator Storage 
A and Accumulator Storage B, as shown in Figure 18. 

Instructions which can affect accumulator storage 
specify accumulator B when a minus sign is placed 
over the highest order digit of the address part of 
these instructions. For example, the instruction r add 
1369 resets accumulator B and adds the amount stored 
in memory at address 1369. "When the highest order 
digit of the instruction is unsigned, the instruction 
specifies accumulator A. Only the accumulator posi- 
tions to be occupied by new data are reset. 

Accumulators are used to store information tem- 
porarily from memory. Operations may then be per- 
formed on this information without changing the 
original field or record which remains in memory. 
These operations are not actually performed by the 
accumulator, however, but are executed in the arith- 
metic and logical unit. 

Each accumulator has a capacity of 512 character 
positions, either alphabetic, numerical, or special char- 
acters. One position is always occupied by a special 
character called an accumulator mark. This character 
marks the left-hand limit of the accumulator con- 
tents. The mark automatically appears in the proper 
position next to the highest order character of the 
stored field. The mark is represented on program 
charts by the letter a. It is peculiar to accumulator 
storage and cannot appear in memory. 

The starting point counter, which contains the 
location of the right-hand character in the accumu- 
lator storage field, sets the right-hand limit to the 
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Figure 18. Schematic, Accumulator Storage, Memory and ALU 



field. All operations involving the field in an accu- 
mulator storage, therefore, operate only on those char- 
acters located between the accumulator mark and the 
starting point counter. 

The accumulator storage field is extended or short- 
ened on the left by shifting the accumulator mark. 
It is extended or shortened on the right by shifting 
the starting point counter. 

An internal accumulator address counter deter- 
mines the position in the accumulator storage field to 
be operated upon. At the end of executing an in- 
struction, the accumulator address counter is set to 
the address in the starting point counter. This insures 
starting the next operation for that accumulator at 
the right-hand digit. 

The number of characters contained in an accu- 
mulator is determined by the number of positions 
from the starting point counter to the accumulator 
mark (Figure 18). 

When arithmetic operations are performed, accu- 
mulator storage contains one of two fields to be used 
in a calculation. The second field is in memory. To 
calculate A + B = T, the factor A is in accumulator 
storage while B is in memory. After the operation 
add is completed in the arithmetic and logical unit, 
the result T replaces A in accumulator storage. The 
result of a calculation always replaces the original 
field in accumulator storage, with one exception. A 
result may be added directly to a field in memory 
from accumulator storage. In this instance, the result 
in accumulator storage remains unchanged. (See Add 



to Memory.) Positive and negative fields are stored 
as true numbers in accumulator storage by arithmetic 
instructions. The sign of the field is registered by 
the accumulator sign indicators (Figure 18). During 
calculation, signs are automatically set according to 
the rules of algebra and the sign indication of each 
accumulator storage may be used to transfer to 
certain specified instructions when desired. Zero bal- 
ances in either accumulator storage are registered 
by zero indicators. 

A series of different instructions may be executed, 
depending upon whether the sign of accumulator 
storage is plus or minus, or the balance is zero. 

Accumulator storage is used to rearrange data in 
memory. Fields, records, or any portion of either, 
can be taken from one location in memory to accu- 
mulator storage and from there can be relocated in 
another part of memory to form any desired arrange- 
ment. Data cannot be transferred directly from one 
accumulator storage unit to the other, but must first 
pass through memory. 

A field in accumulator storage may also be com- 
pared against a field in memory by a compare in- 
struction. A high or equal condition is registered 
by the comparison indicators. A low comparison is 
not registered, and one set of indicators serves both 
accumulator storage units. The arrangement of indi- 
cators is also shown schematically in Figure 18. A 
series of different instructions may be executed, de- 
pending upon whether the factor in accumulator 
storage is high, low, or equal. 
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Addition: A ± B = T 

Four machine operations permit the addition or 
subtraction of factors in memory to or from accu- 
mulator storage: reset and add, reset and subtract, 
add, and subtract. The store instruction provides the 
means of placing the result in memory for recording 
by an output unit, storage on the drum, or for use 
later in the program. 

Reset and Subtract (Q-R SUB) 

1. The reset and subtract instruction enters into 
accumulator storage the numerical field stored in 
memory, starting with the digit specified by the ad- 
dress part of the instruction and continuing through 
the next lower memory addresses until a non-numeri- 
cal character is reached. The non-numerical character 
is not entered into the accumulator. 

2. The left-hand limit of the field in accumulator 
storage is located by the accumulator mark (a) which 
appears in the next position to the left of the last 
digit entered from memory. 

3. The accumulator sign is set to minus when the 
addressed digit of the memory field has plus zoning, 
and is set to plus when the addressed digit has minus 
zoning. When the digit has neither plus nor minus 
zoning, an error is indicated and the sign of the field 
is interpreted as plus. (See Sign Check Indicator.) 

4. The field in memory is not affected by the reset 
and subtract instruction. 

EXAMPLES, RESET AND SUBTRACT 





ACCUMULATOR BEFORE 
STORAGE SIGN 
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Note: Since the resulting accumulator storage field is all 
zeros, the accumulator sign is set to plus. 

Reset and Add (H-R ADD) 

1. The reset and add instruction enters into accu- 
mulator storage a numerical field from memory. The 
field is located by the address of its right-hand signed 
digit. 



2. The field in memory is not affected by the reset 
and add instruction. 

3. The left-hand limit of a factor in accumulator 
storage is defined by an accumulator mark (a) stored 
next to the last digit entered from memory. 

The field A (Figure 19), when entered into the 
accumulator by the reset and add instruction, would 
appear as al256. 

4. The accumulator sign is set to plus if the right- 
hand character of the memory field has plus zoning 
and is set to minus if the character has minus zon- 
ing. When the right-hand character addressed in the 
memory field has neither plus nor minus zoning, an 
error is indicated and the sign of the field is inter- 
preted as plus. (See Sign Check Indicator.) 
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Figure 19. Schematic, Additiok 
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Add (G-ADD) 

1. The add instruction adds a field in memory to 
a factor in accumulator storage. The field in memory 
is located by the address of its right-hand signed digit. 

2. The result in accumulator storage is the sum 
of the accumulator factor and the memory field. 

3. The accumulator sign is set in accordance with 
the rules of algebra for addition. The sign is always 
set to plus, however, if the result is zero. 

4. When the right-hand character of the field 
addressed in memory has neither a plus nor minus 
zoning, an error is indicated and the sign of the field 
is interpreted as plus. (See Sign Check Indicator.) 

5. The length of the result is equal to the length 
of the longer of the two fields being added, unless a 
carry is effected out of the highest order position of 
the result. In this case, the result is extended one 
position to include the carry as the most significant 
digit, and the overflow check indicator is turned on. 

EXAMPLES, ADD 
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Store (F-STORE) 

1. The store instruction is used to transfer numeri- 
cal information from the accumulator to memory. 

2. The units digit of the factor from accumulator 
storage is stored at the memory address specified by 
the instruction. The remaining digits to the left are 
stored in successively lower memory positions until 
the accumulator mark is read. 

3. The size of the field to be stored depends upon 
the position of the accumulator mark. All digits 
between the starting point counter and the accu- 
mulator mark will be stored. 

4. The sign of the accumulator is placed over the 
units position of the factor stored in memory. 

5. When the units position of the next left-hand 
field in memory is an unsigned numerical character, 
this character will be signed plus to properly define 
the stored field. A non-numerical character is not 
affected. 



6. The factor in accumulator storage is left un- 
changed by the instruction. 

Note. The store instruction should not be used 
on non-numerical fields in accumulator storage. In- 
correct characters in memory may result. 

EXAMPLES, STORE 
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Program, Addition 

The program for A + B = T is shown in Fig- 
ure 20. 

0004. Tape unit 0200 is selected. 

0009. A tape record is read into memory from 
left to right, beginning at memory address 0501 and 
continuing to address 0511. A record mark is stored 
at address 0512. 

0014. The proper positions of accumulator stor- 
age A are reset and field A is entered. Field A is de- 
fined in memory as beginning with the signed digit 

■4- 

6 in address 0504 and continuing successively to the 
left until the non-numerical blank character is read. 

The accumulator mark is set in the first position 
to the left of the field placed in the accumulator. 

0019. Field B is added to field A. The result is 
placed in accumulator storage A. The sign of the 
accumulator is plus. 

0024. The result T is stored in memory at address 
0511. The sign of the accumulator (plus) is given 
to the units digit of field T at address 0511. The 
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Figure 20. Program, Addition 



ARITHMETIC INSTRUCTIONS 



21 



character at address 0507, the units digit of the next 
left-hand field, is signed. Therefore field T is limited 
to the characters found at addresses 0508 to 0511, 
inclusive. The amount in the accumulator is un- 
affected by the store instruction. 

0029. Card punch 0300 is selected. 

0034. The unit record stored in memory begin- 
ning at address 0501 is read from left to right up 
to the record mark stored in 0581. The complete 
record is punched in a card. The record in memory 
is unaffected by this instruction. 

0039. A transfer instruction is given to repeat the 
program for successive records in the tape unit. 

Crossfooting: A + B — C = T 

The tape record shown in Figure 21 is stored in 
memory at addresses 1501 through 1514, inclusive, 
with a record mark at address 1515. Assume that 
fields A, B and C are signed plus. The entire record 
is to be transcribed to tape after calculation. 



TAPE 



1256 



150 



125 



bbbb 



A + B -C = T 



b 


1 


2 


5 


2 


1 


5 


+ 



1 


2 


+ 
5 


1 


2 


8 


1 


% 



% £ 2 

Address £2222 
Memory 
Positions 

Fields A B C T 

Figure 21. Schematic, Crossfooting 



Subtract (P-SUB) 

1. The subtract instruction causes a field stored 
in memory to be subtracted from a factor stored in 
the accumulator. The field in memory is located by 
the address of its right-hand signed digit. 

2. The result in the accumulator is the difference 
between the accumulator factor and field in memory. 

3. The accumulator sign is set in accordance with 
the rules of algebra for subtraction. The sign is al- 
ways set to plus, however, if the result is zero. 

4. When the right-hand character of the field 
addressed in memory has neither a plus nor minus 



zoning, an error is indicated and the sign of the field 
is interpreted as plus. (See Sign Check Indicator.) 
5. The length of the result is equal to the length 
of the longer of the two fields, unless a carry is 
effected out of the highest order position of the 
result. In this case, the resulting field is extended one 
position to include the carry as the most significant 
digit of the result. The overflow check indicator is 
turned on. 

EXAMPLES, SUBTRACT 



MEMORY 


STORAGE 


SIGN 


STORAGE 


SIGN 


CHECK 
IND. 


-1- -f- 












6235 


a23 


+ 


a212 







-i- -+- 












6235 


a23 





a258 







6235 


a23 


+ 


a258 


+ 




6532 


a24 


+ 


a508 





Sign check 
turned on 



b89 



a20 



a69 — 



Program, Crossfooting 

Figure 22 is the program for A + B — C = T. 

0004. Select tape unit 0203. 

0009. Read the tape record into memory begin- 
ning at address 1501. 

0014. Reset and add the factor A into accumu- 
lator B. 

0019. Add factor B to A and place the result in 
accumulator B. 

0024. Subtract factor C from the result in accu- 
mulator B. 

0029. Store the result at memory address 1514. 

0034. Select tape unit 0202. 

0039. Write the record from memory beginning 
at address 1501. 

0044. Transfer to the instruction located at ad- 
dress 0004 to repeat the program. 



INSTR. 
LOCATION 


INSTRUCTION 


ACCUMULATOR A 


Z 

o 


ACCUMULATOR B 


z 
o 


OPER. 


ADDRESS 


0004 


Sel 


0203 










0009 


Read 


1501 










0014 


RAdd 


1504 






al25fi 


-y 


0019 


Add 


1507 






a140fi 


+ 


0024 


Sub 


1510 






al281 


+ 


0029 


Store 


1514 










0034 


Sel 


0202 










0039 


Write 


1501 










0044 


Tr 


0004 











Figure 22. Program, Crossfooting 
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Multiplication: A X B = P 

A record shown in Figure 23 is stored in memory 
from tape at addresses 0650 through 0663, inclusive, 
with the record mark in 0664. The field P is blank 
and is to be calculated. The entire record is to be 
punched in cards after calculation. 



Memory ^ 8 
Address © © 
Memory 
Positions 



■o 5 
•o -o 
oo 



b 


4 


9 


6 


8 


1 


26bbbbbbbb 



Fields A X B = P 

Figure 23. Schematic, Multiplication 

Multiply (V-MPY) 

1. The multiply instruction causes a field in mem- 
ory to be multiplied by a factor in accumulator 
storage. 

2. The multiplicand is the field in memory speci- 
fied by the address part of the instruction. 

3. The multiplier is the accumulator factor. 

4. The product is developed in accumulator stor- 
age and replaces the multiplier. The number of 
digits in the product is equal to the sum of the number 
of digits in the multiplier and multiplicand. A maxi- 
mum product of 255 digits may be obtained. 

5. The accumulator sign is plus if both multiplier 
and multiplicand have like signs, and minus if they 
have unlike signs. 

6. Only numerical fields may be used in multipli- 
cation. The use of a non-numerical field in the accu- 
mulator will produce inconsistent results. 

7. When the right-hand character of the field 
addressed in memory has neither plus nor minus 
zoning, an error is indicated and the sign of the field 
is interpreted as plus. (See Sign Check Indicator.) 

EXAMPLES, MULTIPLY 



[EMOR1 


STORAGE 


SIGN 


STORAGE 


SIGN 


"-" CHECK 
INO. 


280 


z7 


— 


a560 







b3 


a2 


+ 


a06 


+ 




$2? 


a31 


— 


a0775 


+ 




65 


a007 


+ 


a003 5 


— 




b5 


a007 


+ 


a003 5 


+ 


Sign check on 



INSTR. 
LOCATION 


INSTRUCTION 


ACCUMULATOR A 


z 
o 

55 


ACCUMULATOR B 


Z 

o 

55 




OPER. 


ADDRESS 




0004 


Sel 


0201 












0009 


Read 


0650 












0014 


R Add 


0656 


a12fi 


+ 








0019 


Mpy 


0653 


a0625968 


+ 








0024 


Store 


0663 










, 


0029 


Sel 


0300 












0034 


Write 


0650 












0039 


Tr 


0004 





























Program, Multiplication 

The program for A X B = P is shown in Fig- 
ure 24. 



Figure 24. Program, Multiplication 

0004. Select tape unit 0201. 

0009. Read tape record. 

0014. Reset add field B into accumulator A (mul- 
tiplier) . 

0019. Multiply field B by A and place P in accu- 
mulator A. The accumulator mark defines P as a 
seven-digit factor, the sum of the number of digits 
in the multiplier and multiplicand. 

0024. The result, P, is stored at memory address 
0663. The accumulator plus sign is placed on the 
right-hand character of the field. 

0029. Select card punch 030.0. 

0034. Punch the record. 

0039. Transfer to the instruction located at ad- 
dress 0004 and repeat the program for successive 
tape records. 

Multiplication with Half Adjustment 

The product, P, may be half adjusted at any posi- 
tion by the use of a round instruction. Assume the 
value of A to be 496.8 and the value of B to be $1.26 
(Figure 23). The result is to be computed to the 
nearest cent. 

Round (E-ROUND) 

1. The round instruction drops from the right- 
hand end of the accumulator field the number of 
digits specified by the address part of the instruction. 

2. A five is added to the last digit dropped and 
any resulting carry-over is added to the units digit 
of the remaining field. 

3 . If a carry-over is added out of the highest order 
position of the original field, the result is extended 
one position and the overflow check indicator is 
turned on. (See Overflow Check Indicator.) 

4. The instruction round 0000 has no effect. 
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5. Normally, the sign of accumulator storage is 
set to plus when the stored result is zero. This rule 
does not hold, however, if the result has been reduced 
to zero by a round instruction. For example, assume 
that the result 00004 is stored with the accumulator 
sign set to minus. The instruction round 0001 is 
given. The result remaining in storage is now 0000. 
The accumulator sign will remain set to minus. 



b 


b 


b 


1 


2 9 5 


2 


1 


1 


3 


+ 
2 


b 


b 


b 


b 


b 


b 


b 


b 





EXAMPLES, ROUND 






ACC. 


BEFORE 


ACC. 


AFTER CHECK 


INSTRUCTION 


STORAGE 


SIGN 


STORAGE 


SIGN IND. 


ROUND 0002 


a5653 


+ 


a57 


+ 


ROUND 0002 


a5653 





aS7 


— 


ROUND 0004 


a98912 


+ 


alO 


-f- O'flowon 


ROUND 0001 


a349 


+ 


a35 


+ 



Program, Multiplication with Half Adjustment 

The round portion of the program is written 
as shown in Figure 25. 



INSTR. 
LOCATION 


INSTRUCTION 


ACCUMULATOR A 


z 
o 


ACCUMULATOR B 


Z 

o 




OPER. 


ADDRESS 




0014 


R Add 


0656 


al26 


+ 








0019 


Mpv 


0653 


a0625968 


+ 








0024 


Round 


0001 


aO 62597 


+ 

























Figure 25. Program, Multiplication with 
Half Adjustment 



Division: A -^- B = Q 

The fields A and B are stored in memory at ad- 
dresses 1681 and 1684, respectively, as shown in 
Figure 26. The quotient, Q, is to be stored at ad- 
dress 1687. 

Divide (W-DIV) 

1. The divide instruction causes a factor in accu- 
mulator storage to be divided by the field in memory 
specified by the address part of the instruction. The 
memory field is the divisor; the accumulator factor 
is the dividend. 

2. The quotient is developed in accumulator stor- 
age. The remainder is lost, but can be obtained 
by subtracting the product of the quotient and divisor 
from the dividend. 

3. The number of digits in the quotient is equal 
to the number of digits in the dividend less the 



Memory 
Address 
Memory 
Positions 

Fields 



Figure 26. Memory Storage, Division 

number of digits in the divisor. A maximum divi- 
dend length of 255 digits can be used. 

4. The accumulator sign is plus if the dividend 
and divisor have like signs, and minus if they have 
unlike signs. 

5. Only numerical fields may be used in division. 
Non-numerical fields produce inconsistent results. 

6. When the right-hand character of the field 
addressed in memory has neither plus nor minus 
zoning, an error is indicated and the sign of the field 
is interpreted as plus. (See Sign Check Indicator.) 

7. The dividend must contain a greater number 
of digits than the divisor. Otherwise, the division is 
ignored, 1 the zero indicator is turned on, and the 
machine will proceed to the next instruction. 

8. The divisor must have a greater absolute value 
than an equal number of digits taken from the left 
end of the dividend. For example, 7 -f- 2 cannot be 
performed because the divisor, 2, is less than the 
dividend, 7 ; 07-^-2 can be performed because the 
divisor, 2, is of greater value than the high-order 
digit of the dividend, "0"; 12345 -v- 13 can be per- 
formed because the divisor, 13, is of greater value 
than the two high-order digits of the dividend, "12." 
This rule can be satisfied by inserting zeros in the 
high-order positions of the dividend as required. If 
this rule is not satisfied: 

a. The overflow check indicator and the zero in- 
dicator will be turned on. 

b. The division will not be completed. 

c. A single zero will replace the accumulator stor- 
age contents. 

d. The machine will go to the next instruction. 

e. The accumulator sign will remain the same 
as that of the replaced dividend. 

EXAMPLES, DIVISION 



MEMORY 


STORAGE 


SIGN 


STORAGE 


SIGN 


IND. 


a50 


a2501 


+ 


a50 


+ 




b50 


a511 


+ 


aO 


+ 


Overflow on 


b50 


a55 


+ 


a55 


+ 


Zero on 


b50 


al2700 


+ 


a254 







b50 


al2700 


+ 


a254 


+ 


Sign check on 
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Program, Division 

The program for division is shown in Figure 27. 

0004. The positions used in accumulator storage 
A are reset and factor A is added. 

0009. A is divided by B; Q is placed in accu- 
mulator storage. 

0014. The result, Q, is stored at address 1687. 



EXAMPLES, SET LEFT 



INSTR. 
LOCATION 


INSTRUCTION 


ACCUMULATOR A 


z 


ACCUMULATOR B 


Z 

2 


OPER. 


ADDRESS 


0004 


R Add 


1681 


al29521 


+ 






0009 


Div 


1684 


a981 


+ 






0014 


Store 


1687 










1 















Figure 27. Program, Division 

Gross Pay Calculation 

The combined use of the instructions previously 
discussed may be further demonstrated by program- 
ming a section of a payroll problem. 

The payroll data are received on tape and are 
stored in memory as shown in Figure 28. Fields are: 
man number, incentive earnings, hourly earnings, 
overtime allowance hours, and regular hours. The 
calculations to be performed are: 

Incentive Earnings -f- Regular Earnings 



Average Rate = 



(Regular Hours) 



Overtime Amount = Average Rate X 
Overtime Allowance Hours 

Gross Pay = Regular Earnings -f- Incentive 
Earnings -f- Overtime Amount 

Set Left (B-SET L) 

1. The set left instruction, by moving the accu- 
mulator mark, adjusts the length of the accumulator 
field to the number of characters specified by the 
address part of the instruction. 

2. The accumulator mark may either delete char- 
acters by moving to the right, or add zeros by moving 
to the left, as required. 

3. The instruction set l 0000 places the accu- 
mulator mark at the position of the starting point 
counter. 





ACC. STOR. 


ACC. STOR 


INSTRUCTION 


BEFORE 


AFTER 


SET L 0004 


a52 


a0052 


SET L 0002 


a0052 


a52 


SET L 0001 


a52 


a2 


SET L 0003 


a2000 


aOOO 



Shorten (C-SHOR) 

1. The shorten instruction is used to remove char- 
acters from the right end of an accumulator storage 
field. 

2. The number of characters removed is specified 
by the address part of the instruction. 

3. The instruction shor 0000 has no effect. 

4. Normally, the sign of accumulator storage is 
set to plus when the stored result is zero. This rule 
does not hold, however, if the result has been reduced 
to zero by a shorten instruction. For example, as- 
sume that the result 0004 is stored with the accu- 
mulator sign set to minus. The instruction shor 
0002 is given. The result remaining in storage is now 
00. The accumulator sign remains minus. 



examples, shorten 

ACCUMULATOR BEFORE ACCUMULATOR AFTER 



INSTRUCTION 


STORAGE 


SIGN 


STORAGE 


SIGN 


SHOR 0002 


al246 


+ 


al2 


+ 


SHOR 0001 


al246 


— 


al24 





SHOR 0000 


al246 





al246 






Lengthen (D-LENG) 

1. The lengthen instruction inserts zeros to the 
right of the field in accumulator storage. 

2. The number of zeros inserted is specified by 
the address part of the instruction. 

3. The instruction len 0000 has no effect. 

examples, lengthen 





ACCUMULATOR 


ACCUMULATOR' 


INSTRUCTION 


BEFORE 


AFTER 


LENG 0002 


a5723 


a572300 


LENG 0005 


al 


alOOOOO 


LENG 0001 


a4689 


a46890 



Memory 
Address 
Memory 
Positions 



Fields 



oo 



« 



bh 


2 





3 


7 


il 


4 


4 


+ 



b 


2 


+ 



5 


5 





6 


1 


2 


5 


2 


b 


b 


b 


b 


b 


b 


b 


b 


b 


b 


b 


b 


II 


b 


b 


b 



Man No. 



Hrs. 



O.A. Reg. Inc. Aver. Over. Gross 
Hrs. Earnings Earnings Rate Amr. Pay 



Figure 28. Memory Storage, Gross Payroll 
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Program, Gross Payroll 

Figure 29 is the program for gross payroll calcu- 
lation, which illustrates the use of arithmetic in- 
structions. 

0004. Select tape unit 0200. 

0009. Read record into memory beginning at ad- 
dress 0901. 

0014. Reset accumulator A and add regular 
amount. 

0019. Add incentive amount to regular amount. 
The accumulator storage amount is now the dividend 
to be divided by the regular hour field. 

0024. One zero is added to the left of the accu- 
mulator field to insure that the first three digits of 
the dividend will be less in value than the divisor. 

0029. The divisor has one decimal, the quotient 
two decimals, and the quotient is to be half adjusted, 
making a total of four places to point off in the 
dividend. Because the dividend now has two decimals, 
it must be shifted two positions. The number of posi- 
tions to the right of the decimal in the dividend must 
be equal to the number of decimals in the divisor, 
plus the number of decimals in the quotient, plus 
one for half adjustment. 

0034. Divide: 



Average rate 



regular amount + incentive amount 
regular hours 



0039. Half-adjust the average rate to the nearest 
cent. 



INSTR. 
LOCATION 


INSTRUCTION 


ACCUMULATOR A 


z 
o 

in 


ACCUMULATOR B 


Z 

o 




OPER. 


ADDRESS 




0004 


Sel 


0200 












0009 


Read 


0901 












0014 


R Add 


0929 


a55.00 


+ 








0019 


Add 


0933 


a67.56 


+ 








0024 


Set L 


0005 


a067.56 


+ 








0029 


Leng 


0002 


aO 67. 5600 


+ 








0034 


Div 


0922 


al.535 


+ 








0039 


Round 


0001 


al.54 


+ 








0044 


Store 


0936 












0049 


Mpv 


0925 


a03.080 


+ 








0054 


Round 


0001 


a03.08 


+ 








0059 


Store 


0940 












0064 


Add 


0929 


a58.08 


+ 








0069 


Add 


0933 


a70.64 


+ 








0074 


Store 


0944 












0079 


Sel 


0201 












0084 


Write 


0901 












0089 


Tr 


0004 





























Figure 29. Program, Gross Payroll 



0044. Store average rate. 

0049. Multiply: Average rate X overtime allow- 
ance hours = overtime amount. 

0054. Half -adjust overtime amount to the near- 
est cent. 

0059. Store overtime amount. 

0064. Add regular amount. 

0069. Add incentive amount. 

0074. Store gross pay. 

0079. Select new tape unit. 

0084. Write out record. 

0089. Transfer to instruction at address 0004. 



ALPHAMERICAL INSTRUCTIONS 

The 702 can perform many different collating oper- 
ations with merging, matching and selection of alpha- 
betic or numerical information from either card or 
tape records. Factors from these records may be 
used in calculation and fields may be rearranged 
during a collating procedure. 

Table look-up of such factors as price lists, rate 
tables, and inventory status can be combined with 
arithmetic operations. Output may be in the form 
of printed reports, punched cards or magnetic tape. 

All three types of output units may be used . in 
the same data-processing procedure and any number 
of units of each type can be used in combination. 
The instructions by which these operations are per- 
formed are referred to as alphamerical instructions. 

Sequence Checking 

A payroll record, to be stored in memory as in 
Figure 30, is now on tape. The file is to be checked 
to determine if the records are in ascending numerical 
sequence by man number. If any out-of-sequence or 
equal records are discovered, those records are to be 
written on the typewriter for checking by the oper- 
ator. When the sequence is correct, the program is 
repeated for successive records. 

Typewriter 

The typewriter on the Type 702 can be used to 
print directly from memory, one character at a time. 
The speed of typing is approximately 600 characters 
per minute. All other operations of the machine are 
held up during the typing operation. 
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Memory g — 

Arlrlrt.cc o © 



Address 2 £ 
Memory 
Positions 

Fields 



■«r m -o oo 

CO CO CO CO 

oo o o 



b 


1 


23456093 


1 


6 


4 


2 8 7 


II 


O 


R 


T b * b b 


b 


b b 


b 


b 


b 



Man No 



Soc Sec No 



Nome 



Man No. From 
Prev. Record 



Figure 30. Memory Storage, Sequence Checking 



Any character not on the code chart prints as a 
question mark. A plus zero and a minus zero print 
as a plus sign and a hyphen, respectively. Sensing 
the record mark causes a carriage return and auto- 
matic spacing in accordance with the setting of the 
space control on the carriage. The record mark does 
not print. 

Load Accumulator Storage (8— LOAD) 

1. The load instruction enters a field of alpha- 
betic, numerical or alphamerical information into 
accumulator storage from memory. 

2. The location of the right-hand character of the 
field in memory is specified by the address part of 
the instruction. 

3. The length of the field loaded into accumulator 
storage is determined by the position of the accu- 
mulator mark. Usually the load instruction is pre- 
ceded by a set left instruction to adjust accumulator 
storage to the size of the field to be loaded. Char- 
acters are loaded from right to left from memory 
until the available accumulator storage space is filled. 

4. The accumulator sign is always set to plus by 
a load instruction. 

5. The field in memory is unaffected. 

EXAMPLES, LOAD 

ACCUMULATOR BEFORE ACCUMULATOR AFTER 



STORAGE 



SIGN 



STORAGE 



ABcbbbl2345 a7310 -f a234? + 

ABcbbbl234? al234S678901 — aABcbbbl234? + 

ABcbbb 12347 aOO + a4? + 

ABcbbbl234? a00000012 + abbbl234? + 

Unload Accumulator Storage (7— UNLOAD) 

1. The unload instruction enters a field of alpha- 
betic or numerical data into memory from accu- 
mulator storage. 

2. The right-hand character of the accumulator 
field is stored in memory at the location specified by 
the address part of the instruction. Successive char- 



acters are read from right to left into memory until 
the accumulator mark is read. 

3. The length of the field entered into memory is 
equal to the number of positions in the accumulator 
storage field. 

4. The accumulator sign has no effect upon the 
information unloaded into memory. 

5. The contents of accumulator storage remain the 
same. 

EXAMPLES, UNLOAD 



ACCUMULATOR 


MEMORY 


MEMORY 


STORAGE 


SIGN 


BEFORE 


AFTER 


a3748 


— 


B0229 


B3748 


a450 


+ 


1576 


14J0 


aABl2 


+ 


134cd 


1AB12 


ab$bb 


+ 


0000 


b$bb 



Compare (4— COMP) 

1. The compare instruction compares the contents 
of accumulator storage with the field in memory 
specified by the address part of the instruction. 

2. The comparison begins between the right-hand 
character in memory specified by the compare in- 
struction and the right-hand character of the accu- 
mulator storage field. The comparison proceeds from 
right to left, character for character, between storage 
and memory until the accumulator mark is read. 
The results of the comparison are determined in the 
usual way; that is, the most significant characters 
are those on the left. The number of characters com- 
pared is equal to the number of positions in the accu- 
mulator storage field. 

3. All characters that can appear in memory may 
be compared. The tape mark, drum mark and accu- 
mulator mark do not normally appear in memory. The 
tape inter-record gap and the drum marks, however, 
are automatically converted to a record mark when 
read into memory. The record mark can be compared. 
The ascending sequence of characters is as follows: 

Blank &.□-$*/,%# @ A through I 

J through R % S through Z through 9 
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4. The results of a comparison are made available 
in the program by means of two comparison indica- 
tors, high and equal. If the accumulator storage field 
is higher than memory, the high indicator is turned 
on. If the two fields are equal, the equal indicator is 
turned on. If the accumulator storage field is lower 
than memory, neither indicator is turned on. 

5. The comparison indicators may be referred to 
in the program or "interrogated" by a special transfer 
instruction. For example, if a comparison turns on 
the high indicator, a following transfer on high in- 
struction effects a transfer to the address of another 
program step specified by the transfer instruction. 
In this manner supplementary program routines may 
be introduced as a result of comparisons. 

6. The machine contains only one pair of com- 
parison indicators. They may be turned on by the 
results of comparisons in either accumulator. Indi- 
cators are changed only by execution of a subsequent 
comparison step in the program. This step may also 
involve either accumulator. Indicators are not changed 
by interrogation. They may be interrogated any num- 
ber of times between comparisons. 

7. A signed numerical field in memory should not 
be compared against an accumulator storage field 
which has resulted from an arithmetic operation. A 
calculated result appears in accumulator storage with- 
out a sign over the right-hand digit. A numerical 
field usually appears in memory with a signed right- 
hand digit. A comparison would be unequal, there- 
fore, because of the sign. 

Fields are usually entered into accumulator storage 
for a comparison by a load instruction. 



EXAMPLES, COMPARE 



ACCUMULATOR 

al234 


MEMORY 

$1234 


INDICATORS 
HIGH EQUAL 

On 


al234 


$1234 


On 


al234 


$2345 




aTYPEb702 


TYPEb701 


On 


aSMiTHbbb 


WARFIELD 




aSMiTHbbb 


SMITHbbb 


On 


aSMiTHbbb 


joNEsbbb 


On 



Transfer on High (K-TR HI) 

1. The transfer on high instruction interrogates 
the high comparison indicator. When the indicator 
is on, the machine transfers to the instruction speci- 



fied by the address part of the transfer on high in- 
struction. 

2. If the high indicator is not on, a transfer is not 
made and the machine proceeds to the next in- 
struction. 

3 . The instruction can be used during any program 
step following a comparison. 

4. The instruction can be used any number of 
times between comparisons without turning the in- 
dicator off. 

Transfer on Equal (L— TR EQ) 

1. The transfer on equal instruction interrogates 
the equal comparison indicator. When the indicator 
is on, the machine transfers to the instruction speci- 
fied by the address part of the transfer on equal 
instruction. 

2. If the equal indicator is not on, a transfer is 
not made and the machine proceeds to the next 
instruction. 

3 . The instruction can be used during any program 
step following a comparison. 

4. The instruction can be used any number of 
times between comparisons without turning the in- 
dicator off. 

Program, Alphamerical Instructions 

The program for sequence checking is shown in 
Figure 31. It is assumed that a constant has been 
stored in memory at address 1036 by the loading 
procedure. The is used to place zeros in memory 
to compare against the first record only. Memory 
addresses 1038 through 1043 are reserved for storage 
of man number from the last record read. Each 



INSTR. 
LOCATION 


INSTRUCTION 


ACCUMULATOR A 


z 
o 


ACCUMULATOR B 


Z 

o 


OPER. 


ADDRESS 


0004 


Set L 


0001 










0009 


Load 


1036 


aO 


+ 






0014 


Set L 


0006 


aOOOOOO 


+ 






0019 


Unload 
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Figure 31. Program, Sequence Checking 
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record is to be compared against the record preceding 
it for high, low or equal condition. 

0004. Accumulator A is set left one position. 

0009. The constant is loaded into the accu- 
mulator. 

0014. The accumulator is expanded to six zeros 
by the instruction set l 0006. 

0019. Six zeros are unloaded into memory at ad- 
dress 1043. 

0024. Tape unit 0200 is selected. 



0029. A unit record is read from the tape. 

0034. Man number from the first record is loaded 
into accumulator storage A. The accumulator was 
previously set left six places. 

0039. Man number in the accumulator is com- 
pared against the previous number stored at memory 
address 1043. The first record is compared against 
zeros. 

0044. When the record is higher than the pre- 
ceding stored record, a high comparison indicator 
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is turned on. If the record is in sequence, a program 
transfer is effected to the instruction located at ad- 
dress 0019. The instruction at location 0019 unloads 
the man number just checked for sequence into 
address 1043 for comparison against the next record. 

0049. "When the record is equal to or lower than 
the preceding' record, the high comparison indicator 
is not on. The transfer on high instruction is ignored 
and the typewriter is selected. 

0054. The record out of sequence is written on 
the typewriter. 

0059. The program is transferred to the instruc- 
tion located at address 0024 to read a new record. 

Balance Forward 

The records shown in Figure 32 are processed as 
part of a stock control procedure. The stock receipt 
transactions are received in part number sequence on 
cards with all fields punched. Only one receipt per 
part number occurs on any one date and it is assumed 
that all receipts will match part number on the in- 
ventory control record. Inventory control records 
are in part-number sequence on tape. Only one 
record is kept per part number. All inventory records 
will not match receipts. The procedure calls for post- 
ing of the stock receipts to the inventory control 
record. A new receipt-to-date balance quantity is 
calculated and the date and receipt amount are re- 
corded as memorandum amounts. 

Add to Memory (6-ADD MEM) 

1. The add to memory instruction adds the field 
in accumulator storage to a field in memory specified 
by the address part of the instruction. 

2. The result replaces the original memory field. 

3. The field in accumulator storage is unchanged. 
The fields from accumulator storage may be added 

to memory in two ways depending upon whether the 
memory field is signed or unsigned. 

Signed Memory Field. The addition follows the 
rules of algebra. The addressed field in memory starts 
with its right-hand signed digit and continues to the 
left until a non-numerical character is reached. Any 
carry-over beyond the left-hand limit of the memory 
field is ignored. Only numerical portions of the 
characters from accumulator storage are added. 

Unsigned Memory Field. The addition is non- 
algebraic and begins with the right-hand digit of 
accumulator storage and the specifically addressed 



character in memory and continues from right to 
left until the accumulator mark is reached. Any 
carry-over beyond the last position is ignored. The 
number of characters in the sum of the two fields is 
equal to the number of characters in the accumulator 
field. When non-numerical characters, including 
blanks, occur in the memory or accumulator fields, 
both zones and digits are added separately. The 
numerical portions of the characters are added deci- 
mally; any carry-over is added only to the numeri- 
cal portion of the next high-order position. The zone 
portions of the character are added separately as 
binary numbers; any carry-over also is added to the 
next high-order zone position. Zone carries out of 
the last position are disregarded. 

EXAMPLES, ADD TO MEMORY 
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Sign (T-SIGN) 

1 . The sign instruction may be used to remove any 
zone from a character and place it in accumulator 
storage as an ampersand or a dash. The character 
affected is determined by the address part of the 
instruction. 

2. When the zoning of the addressed character in 
memory is plus (11), zero (01), or no zone (00), 
an ampersand (plus zone) is stored in the accumu- 
lator and the accumulator sign is set to plus. 

3 . When the zoning of the addressed character in 
memory is minus (10), a hyphen (minus zone) is 
stored in the accumulator and the accumulator sign 
is set to minus. 

4. The addressed character will remain in memory 
with 00 zoning, unless that character is an am- 
persand (&), a hyphen (-), or a blank. In these 
cases, the character remaining in memory will be 
a blank. 
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5. The sign stored in the accumulator as an am- 
persand (plus) or a hyphen (minus) may be given 
to any character in memory that is not already zoned. 
The add memory instruction is used for this purpose 
and the character to be signed is specified by the 
address part of the add memory instruction. 

Signing Fields in Memory 

Punched card fields are normally signed minus by 
X punching over the units digit of the field and are 
signed plus by no-X punching. When read into 
memory, the minus field is properly signed by read- 
ing the X punch as minus zoning over the units digit. 
The plus field, however, with no zone punching, is 
considered unsigned. An error is indicated when an 
unsigned memory field is addressed by an arithmetic 
instruction. 

In Figure 3 3 A, a field in memory positions 1143 
through 1148 may be read in from cards as either 
minus or unsigned, depending upon the X or no-X 
punching in column 70 of the card. Instructions to 
sign the field completely are programmed as: 
sign 1148 

ADD MEM 1148 

When position 1148 is plus (no X punching) the 
sign instruction places an ampersand in the accu- 



mulator. The add memory instruction places plus 
zoning over position 1148 and signs the field plus. 

When position 1148 is minus, the sign instruction 
places a hyphen in the accumulator and removes the 
zoning of the memory position. The add memory 
instruction restores the minus zoning and signs the 
field minus. 

The sign and add memory instructions may also 
be used to move the minus zoning in fields from 
punched cards where X punching is located in col- 
umns other than the units digit of the field. 

In Figure 33B, the minus X is punched in column 
66 of the card field, columns 65 through 70. The 
field is read into memory positions 1143 through 1148 
with the minus zoning in memory position 1144. 
The instruction to sign the field properly in memory 
is programmed as: 
sign 1144 

ADD MEM 1148 

Program, Balance Forward 

The program for the balance forward procedure 
is shown in Figure 34. 

0004. Select card reader 0100. 

0009. Read the stock receipt card into memory. 
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Figure 34. Program, Inventory Control 

0014. Place an & in accumulator A by address- 
ing the units digit of the quantity received field of 
the card record with the sign instruction. 

0019. Sign the quantity received field by adding 
& to the units digit of the field. 

0024. Set left six positions to prepare accumulator 
A to store part number. 

0029. Load part number from the card record. 

0034. Select tape unit 0200. 

0039. Read the inventory control record into 
memory. 

0044. Compare the receipt part number with the 
inventory control part number. 

0049. When part numbers are equal, transfer to 
the program for adjusting the inventory record. 

0054. When the cards are not equal, select tape 
unit 0201. 

0059. Write out the inventory record on new 
tape. Receipt balances have not been affected. 

0064. Transfer to read in another inventory record 
from tape unit 0200. 

0069. The balance forward program begins with 
this instruction. Set left four positions to store date 
received. 

0074. Load date received from card. 

0079. Unload date into the inventory control 
record. 



0084. Reset and add the quantity received from 
the card. 

0089. Store quantity received in inventory record. 

0094. Add quantity to the receipts-to-date field. 

0099. Select tape unit 0201. 

0104. Write out the adjusted inventory record on 
new tape. 

0109. Transfer to address 0004 and read a new 
card. Repeat the program. 

INTERNAL CHECKING AND END-OF- 
FILE PROCEDURES 

The internal checking devices built into the 702 
have been designed to insure accuracy of data proc- 
essing. In order to illustrate the effect of these devices 
upon machine operation, an explanation of the char- 
acter coding system is presented in this section to- 
gether with examples of the use of the check 
indicators, input-output indicators, and control in- 
structions. Two payroll problems are included, one 
illustrating end-of-file and error correction and the 
other illustrating most instructions covered to this 
point. 

Character Code System 

Figure 35 illustrates the coding system used for 
data recording on the IBM punched card. Punching 
is done in two main areas; the lower numerical section 
records the digits 0-9 and the upper zone section, 
used in combination with the numerical section, rec- 
ords alphabetic and special characters. A total of 80 
characters may be punched in one card, because each 
character occupies one of the 80 vertical columns. 

The numerical section is further divided into ten 
horizontal rows, one row for each digit 0-9. The 
zone section is divided into three horizontal rows, 0, 
11, and 12. The zero row is common to both zone 
and numerical sections. 

When punched in their proper rows, the holes can 
be automatically identified as characters by IBM 
accounting machines (and the 702) ; the digits by 
single punches, the letters and special characters by 
combinations of zone punching with digits. The 12 
zone in combination with the digits 1-9 is recognized 
as the letters A-I, the 11 zone punch with the digits 
1-9 as J-R, and the zone with the digits 2-9 as S-Z. 

The same code structure used in punched card ac- 
counting is also used by the Type 702. Only the 
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Figure 3 5. Character Coding, IBM Card 



digit notation and the form of recording are different. 
Figure 36 shows an enlarged section of magnetic 
tape with character coding represented schematically. 
Actually, recording on the tape is not visible to the 
eye. The tape is divided into three sections: 

1. The zone section, consisting of two horizontal 
rows or "channels." 

2. The numerical section, consisting of four chan- 
nels. Each numerical channel is assigned a 
value of 8, 4, 2, or 1, respectively. 

3. The check section, consisting of one channel; 
used for checking purposes only. A character 
is defined only by the numerical and zoning 
sections. 

Recording is accomplished by magnetizing spots 
or "bits" in the iron oxide coating of the tape. The 
presence of a charge indicates a one, the absence of 
a charge indicates a zero. The arrangement of these 
magnetized bits in combinations in the seven channels 
forms digits, letters and special characters. For ex- 
ample, the zoning bit combination of 11 (one, one) 
represents the 12 zone of IBM cards, the combination 
of 10 (one, zero) represents the 11 zone, and 01 
(zero, one) represents the zone. A 00 (zero, zero) 
combination corresponds to no zoning or pure nu- 
merical punching. 

Because there are only four numerical channels on 
the tape instead of ten possible numerical positions 
on the card, bits in the numerical section are also 



used in combination to represent numerical values. 
By adding the values of one or more bits any number 
from 1 to 9 can be represented. In punched card 
coding the number 7 is represented by a punch in 
the 7 position of the card (Figure 35). By reference 
to Figure 36 it may be seen that 7 is represented in 
bit form by l's in the 4, 2 and 1 numerical positions. 
The sum of the bits in the numerical and zone sec- 
tions of the character is odd. Therefore a 1 is stored 
in the check position to record an even total number 
of l's in the number 7. 

The character P (Figure 36) is represented by l's 
in the 4, 2 and 1 numerical positions and a 1 zoning. 
The sum of the zone and numerical 1 's is even. There- 
fore a zero is stored in the check position. The check 
position is used to store a 1 whenever the sum of the 
1 's in the numerical and zoning portions of the char- 
acter is odd, and to store a zero if the sum of the 
l's is even. A character code check on the trans- 
mission, reading, and recording of all data is made 
by the machine to insure that each character has an 
even total number of l's including zone, numerical 
and check positions. 

The code system shown on tape in Figure 3 6 is used 
in all components of the 702, including memory, ac- 
cumulator storage, and drum storage. The conversion 
of the 702 code system to or from IBM card code is 
automatic whenever a card reader, printer, punch, or 
typewriter is used. 
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Check Indicators 

The 702 is equipped with six check indicators to 
provide the operator with a check on the accuracy of 
data being processed by the 702. These indicators are 
associated with separate switches on the operator's 
control panel. 

In many cases, it is not necessary to interrupt 
machine operation when an error condition is de- 
tected. Special branch programs can be included by 
the programmer to handle certain types of errors as 
exceptions. An error in reading a record from tape, 
for example, may be programmed to back space the 
tape and re-read the record. If a correct reading is 
obtained the second time, normal machine operation 
will continue. If the error persists, machine operation 
can be interrupted or the incorrect record can be 
noted and operation continued. 

The choice of programming around an error or 
stopping the machine is given by the indicator switch 
setting on the operator's console. When a switch is 
set to automatic stop, the error detected by the 
corresponding check indicator will cause an auto- 
matic machine stop. To resume operation, the indi- 
cator may be turned off by depressing the start key 
on the operator's console. When a switch is set to 
program, the corresponding check indicator may 
be "interrogated" during the program and an error 
will not automatically stop the machine. The par- 
ticular instruction during which the error was de- 
tected will be carried out and the machine will pro- 
ceed to the next instruction. 

A check indicator is interrogated by a select in- 
struction with the address of the proper indicator. 
The select instruction is then followed by a transfer 
on signal instruction with the address of the first 
operation of the program branch to be followed if 



an error is detected. An error transfers the machine 
to the branch of the program addressed by the 
transfer on signal instruction. Machine operation is 
not interrupted when the error is corrected by the 
branch program. The transfer on signal instruction 
turns the indicator off. 

Check indicators and their assigned addresses are: 

Instruction Check Indicator 0900 

Machine Check Indicator 0901 

Read-Write Check Indicator 0902 

Printer-Punch Check Indicator 0903 

Overflow Check Indicator 0904 

Sign Check Indicator 0905 

Instruction Check Indicator 

The instruction check indicator is turned on when: 

1. During instruction time, a character code error 
is detected. 

2. An invalid operation part is encountered going 
to the operation register. 

3. The operation part is incorrectly interpreted. 

4. The highest order position of the instruction 
address carries any zone other than 00 zone or 
the minus (10) zone to designate accumu- 
lator B. 

5. Any of the remaining positions of the addresses 
are other than the numerical through 9. 

It is recommended that the switch associated with 
this indicator be turned to automatic stop to cause 
a machine stop when an error is detected. Program- 
ming around this type of error is usually impractical. 
With the switch set to automatic stop, the machine 
stops during the character cycle in which the error 
occurred. 
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Machine Check Indicator 

The machine check indicator is turned on when 
a character code error is detected during the exe- 
cution of all instructions (except write, write and 
erase, read, and read check) in which information is 
read from accumulator storage or memory. 

Instructions to read information from accumulator 
storage or memory include: sign, add memory, reset 
and add, reset and subtract, store, store for print, 
load, unload, lengthen, set left, round, and normalize 
and transfer. 

When the indicator switch is turned to automatic 
stop, the machine stops during the character cycle 
in which the error occurred. 

Read-Write Check Indicator 

The read-write check indicator is turned on when 
a character code error is detected during the execu- 
tion of a read, read and check, write, or write and 
erase instruction. The indicator is also turned on if 
an error is detected in reading the holes in the card 
or by the longitudinal check in tape reading. The 
indicator, therefore, checks the transmission of data 
from all input units. It also checks the transmission 
of data from memory to the drum, tape unit, card 
punch, printer, and typewriter. The indicator 
is turned on if an attempt is made to read or write 
beyond the limits of the drum or if an error occurs 
in recording a tape mark. (See Control 0001.) 

Errors detected by the echo-check method on the 
printer and by the brush-compare method on the 
punch are covered by the printer-punch check in- 
dicator. 

When the indicator switch is turned to automatic 
stop, an error stops the machine after the instruction 
is executed. 

Printer-Punch Check Indicator 

The printer-punch check indicator is turned on 
when an error is detected by the echo-check or hrush- 
compare method on the printer or punch. An error 
in card punching is detected as the card passes the 
brush station. When an error occurs, the printer- 
punch indicator is turned on during the execution 
of the second write or write and erase instruction in- 
volving that card punch. 

An error in printing is detected by sensing when 
the print wheels start turning. When an error occurs, 
the printer-punch indicator is turned on during the 



execution of the next write or write and erase in- 
struction involving that printer. 

In both cases, when the switch for this indicator 
is on automatic stop, an error stops the machine 
at the end of the punching or printing cycle during 
which the indicator was turned on. At this time the 
error card is the last card into the punch stacker. The 
incorrect line of printing immediately precedes the 
last printed line. 

Overflow Check Indicator 

The overflow check indicator is turned on during 
an add or subtract operation when the number of 
digits in the result is greater than the number of 
digits in the longer of the original fields. An overflow 
is indicated as a result of a round operation if a carry- 
over is made out of the highest order position of the 
original accumulator storage field. 

The indicator is turned on by a divide instruction 
when the divisor does not have a greater absolute 
value than an equal number of digits taken from 
the left end of the dividend. 

When the error switch for this indicator is turned 
to automatic stop, an error stops the machine dur- 
ing the execution of the instruction. 

Sign Check Indicator 

The sign check indicator is turned on if a field 
addressed by an arithmetic instruction, except store 
and store for print, does not have plus or minus 
zoning over the right-hand digit. 

When the switch for this indicator is on automatic 
stop, an error stops the machine during the character 
cycle following the one in which the error was 
detected. 

Input— Output Indicators 

Card Reader Indicator 

Each card reader is provided with an input-output 
indicator which is turned on when a read or read and 
check instruction involving that card reader is given 
after the last card has been read from record storage. 

The indicator is turned off by the instruction ctrl 
0000 or by the feeding of cards when machine oper- 
ation is started. 

Printer Indicator 

Each printer is provided with an input-output in- 
dicator which indicates the end of a page. It is turned 



INTERNAL CHECKING; END OF FILE 



35 



on by the overflow signal obtained from channel 12 
of the carriage control tape as the last write in- 
struction for each page is executed. 

The indicator may be turned off by a ctrl 0000 
instruction or by depressing the printer stop key. 

Tape Unit Indicator 

Each tape unit is also provided with an input-out- 
put indicator which indicates the end of a tape or 
file. The indicator can be turned on by any of the 
following: 

1. Reaching the physical end of a tape when writ- 
ing. This condition is signaled by a reflective spot 
on the tape itself at a convenient distance from the 
end of the tape. 

2. Reaching the end of information on tape when 
reading. A tape mark is considered a unit record and 
is read on the first read instruction after the last 
record has been read from the tape. 

3. When activated by the program by the use 
of a ctrl 0003 instruction. (See Control.) The input- 
output indicator is turned off by the ctrl 0000 in- 
struction and also by depressing the unload key on 
the tape unit. 

Drum Indicator 

The input-output indicator of a drum is turned 
on if an attempt is made either to read or write 
beyond the limits of the drum. 

The indicator is turned off by a ctrl 0000 instruc- 
tion and also by a subsequent read, read and check, 
write, or write and erase instruction specifying that 
drum. 

The input-output indicator of any unit is auto- 
matically selected by the use of a select instruction 
specifying the address of that unit. Thus, the instruc- 
tion sel 0100 not only selects a specific card reader 
but also selects the input-output indicator of that 
unit. The indicator may then be interrogated by a 
subsequent transfer on signal instruction. When the 
indicator is on, signaling end of cards, tape, or other 
conditions, a transfer to a branch program can be 
made for end-of-file procedure. When the indicator 
is off, a transfer is not made and the machine con- 
tinues to the next step of the main program. 

Control Instructions 

Six control instructions are used to control various 
features of the input-output units and to turn on 
and off the input-output indicators. The control in- 



struction applies to the last selected input-output unit. 
No other select instruction may intervene between 
the input-output select instruction and the control 
instruction referring to it. 

The address part of the control instruction specifies 
the feature to be controlled, as follows: 

Control 0000 (3-CTRL) 

The input-output indicator of the unit previously 
selected, if on, is turned off. This instruction refers 
to printers, tape units, drums, and card readers. 

Control 0001 (3-CTRL) 

A tape mark is recorded on tape in the last selected 
unit. A check is also made of the echo impulses from 
the write circuits to insure that the proper character 
arrived at the tape unit write circuits. If not, the 
read-write check indicator is turned on. (See Check- 
ing.) 

Control 0002 (3-CTRL) 

The tape on the last unit selected is rewound. 

Control 0003 (3-CTRL) 

The input-output indicator on the tape unit last 
selected, if off, will be turned on. 

Control 0004 (3-CTRL) ' 

The tape on the unit last selected will be back- 
spaced one unit record. This instruction is intended 
for use in checking of tape in conjunction with the 
read and check instruction. A record containing an 
error can be rewritten after back-spacing over it. 
A write instruction, however, can be followed by a 
back-space instruction only if the remainder of the 
tape contains unwanted information. 

Control 0005 (3-CTRL) 

This applies to printers and punches only. Infor- 
mation previously read from memory to the printer 
or punch record storage is prevented from being 
printed or punched for one cycle. By the use of this 
control, erroneous information previously written in- 
to the printer or punch record storage can be cor- 
rected. 

For example, assume that a printer or punch is 
selected by a select instruction and is given a write 
instruction. The read-write indicator may now be 
selected by the instruction sel 0902 and can be 
interrogated by the transfer on signal instruction. 
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The address of the transfer on signal instruction is 
the address of the first step of a branch program. 
If the indicator 0902 is on, a character code error has 
occurred between memory and record storage, and a 
transfer to this branch program will be made. 

The first step of the branch program contains the 
control 0005 instruction and prevents the incorrect 
record from being printed. The record can now be 
reloaded from memory into printer record storage 
and a transfer can be made back to the main program. 



Stop and Transfer Instructions 

The use of the control instruction for end-of-file 
and error procedure may be illustrated by considering 
a second problem of simple payroll calculation (Fig- 
ure 37). 

Payroll information is received on tape and infor- 
mation read into the 702 is checked for accuracy of 
reading. If a reading error is discovered, the tape is 
back-spaced and the record re-read. If the error per- 
sists, the tape is back-spaced and read a third time. 
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Figure 37. Flow Chart, End of File and Error Check 
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The machine is stopped if the error occurs on the 
third reading. When the end of the input tape is 
signalled, the tape is rewound. 

Net earnings are computed and completed payroll 
records are written on a new output tape. A tape 
mark is recorded on the output tape when the end 
of file is signalled from the input tape and the output 
tape is rewound. Machine operation is stopped after 
all instructions have been executed. 

Stop (J-STOP) 

The stop instruction stops the machine on the pro- 
gram step containing the stop instruction. Depressing 
the start key will cause the machine to read and exe- 
cute the next instruction. 

Several stops may be indicated in a program at the 
discretion of the programmer. Incorrect reading or 
writing, end of file, or various other conditions en- 
countered in a procedure may be programmed to stop 
the machine. The address part of the stop instruction 
appears in binary code in lights on the console and 
may be coded to indicate to the operator why a stop 
has occurred. In the following problem, stop 0001 
indicates an error condition that persists after a 
record has been read three times. Stop 0002 indicates 
end of file. Any four-digit code can be assigned to 
the address part of a stop instruction. 

Transfer on Plus (M— TR PLS) 

The transfer on plus instruction causes a program 
transfer when the sign of the designated accumulator 
is plus. The transfer will be made to the address speci- 
fied by the address part of the instruction. 

When an accumulator storage field consists of all 
zeros, the sign of the accumulator is always plus ex- 
cept as a result of a round or shorten instruction. 
(Refer to Round and Shorten.) Therefore, if a dis- 
tinction is to be made between zero and plus in the 
contents of accumulator storage, the transfer on plus 
must be preceded by a transfer on zero instruction. 

Transfer on Zero (N— TR ZRO) 

The transfer on zero instruction causes a program 
transfer when the designated accumulator contains 
only characters having numerical portions equal to 
zero (1010). These characters are zero, plus or minus 
signed zero, and the record mark. The instruction has 
no effect when a factor in accumulator storage is 
reduced to zeros by a shorten or round instruction. 



Transfer on Signal (O— TR SIG) 

The transfer on signal instruction causes a program 
transfer when the last previously selected indicator 
is on. The indicator may be an input-output indica- 
tor, an alteration switch or a check indicator. The 
transfer will be made to the memory address speci- 
fied by the address part of the instruction. 

When the transfer on signal is executed, the in- 
struction turns off a check indicator only. An input- 
output indicator is turned off by a control instruction 
or by various other means. (Refer to Input-Output 
Indicators.) The alteration switches are manually 
operated. 

Program, End-of-File and Error Correction 

Figure 38 is the end-of-file error correction pro- 
gram. 

0004. Reset and add the constant 2 into accumu- 
lator B. 

0009. Select tape unit 0200. 

0014. Read a record from tape beginning with 
memory position 0128. 

0019. Transfer on signal. If the input-output in- 
dicator is on, the end of the tape has been reached. 
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Figure 38. Program, End of File and Error Check 
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Transfer to address 0089 for the first step of the 
end-of-file procedure. 

0024. Select the read-write check indicator. 

0029. If the read-write indicator is on, signalling 
a read error, transfer to address 0064 for the error 
correction procedure. 

0034. Reset and add gross pay into accumulator A. 

0039. Subtract deductions. 

0044. Store net pay in memory. 

0049. Select tape unit 0201. 

0054. Write out the complete record on output 
tape. 

0059. Repeat the program for succeeding records. 

0064. Select tape unit 0200. 

0069. Back-space the input tape. 

0074. Subtract 1 from accumulator B. 

0079. When an error occurs in first reading, ac- 
cumulator B contains a 1 with the accumulator sign 
plus. On the second reading the accumulator stands 
at plus 0. On the third reading the accumulator 
contains a minus 1. 

0084. After the record has been read three times, 
accumulator B has a minus sign. A transfer on plus 
is not made and the machine reaches the stop instruc- 
tion 0002. 

0089. Rewind tape unit 0200. 

0094. Select output tape unit 0201. 

0099. Record the tape mark on the output tape. 

0104. Rewind the output tape. 

0109. Stop the machine at the end of file. 

Payroll, Gross to Net 

The payroll record shown in Figure 39 is written 
on magnetic tape and is used as input data on tape 
unit 0200. Payroll computation includes: 

a. Withholding Tax = Gross Pay — Tax Class X 
13.00 X 18%. If no tax is to be deducted, zeros are 
entered into the tax space in the record. 

b. Withholding year-to-date = last period tax- 
to-date -|- current tax. 

c. FICA = 2% of gross earnings, provided previ- 
ous gross does not equal or exceed $3600.00. If 
earnings this period make gross equal to or over 
$3600.00, then only the difference between old year- 
to-date gross and $3600.00 is taxable. 

d. Year-to-date FICA = last period tax-to-date 
-f- current tax. 

e. Year-to-date gross = current gross -j- previous 
year-to-date gross. 



f . Net Pay = Gross — Withholding — FICA. 
The completed payroll record, after calculation, 
is written on output tape unit 0201, as follows: 
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NUMBER OF 




MEMORY 


ITEM 


CHARACTERS 




ADDRESS 


1300 


4 




1045 


1? 


2 




1047 


020 


3 




1050 


360000 


6 




1056 


0000 


4 




1060 



Program, Payroll 

Figure 40 is the payroll, gross to net, program. 

0004. Select input tape unit 0200. 

0009. Read the record into memory. 

0014. Add tax class into accumulator A. 

0019. Multiply tax class by the constant 13.00 
from memory address 1045. Note that the constant 
13.00 is minus; therefore, a negative result is pro- 
duced in the accumulator. 

0024. Add gross pay into accumulator A. The 
result is the taxable amount if it is plus. 

0029. When the result is a plus amount, tax can 
be taken and a transfer is made to address 0049 for 
tax calculation. 

0034. When the result is a minus amount, a trans- 
fer will not be made. Reset and add 0000 to the 
accumulator to cancel the negative amount. 

0039. Store 0000 in the withholding tax field of 
memory. 

0044. Transfer to compute FICA. 

0049. Multiply the taxable amount computed in 
location 0024 by the tax rate of 18%. 

0054. Round two places and half adjust. 

0059. Set left accumulator mark to four places. 
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Figure 39. Flow Chart, Payroll (Gross to Net) 



0064. Store withholding tax in memory. 

0069. Add withholding tax to previous year-to- 
date tax amount. 

0074. Reset and add the constant 360000. 

0079. Subtract previous year-to-date gross earnings. 

0084. Subtract current gross earnings. 

0089. If the result is plus, transfer to compute 
FICA on complete gross pay. 



0094. If the result is minus, add back gross pay. 

0099. If the result is plus, transfer to partial com- 
putation of FICA. 

0104. If the result is minus, earnings are over 
$3600.00 and no FICA is to be taken. Transfer to 
no-FICA routine. 

0109. Multiply the result obtained at location 0094 
by 2% for partial or total calculation. 
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0114. Round three places and half adjust. 

0119. Set left accumulator mark to three places. 

0124. Add current FICA to previous year-to-date 
FICA. 
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Figure 40. Program, Payroll (Gross to Net) 



0129. Store current FICA in memory. 

0134. Transfer to net pay computation. 

0139. Reset and add gross pay. 

0144. Transfer to compute FICA. 

0149. Reset and add four zeros. 

0154. Adjust accumulator storage to three places. 

0159. Store zeros in the FICA field in memory. 

0164. Reset and add gross pay. 

0169. Add current gross to previous year-to-date 
gross. 

0174. Subtract withholding tax. 

0179. Subtract FICA. 

0184. Store net pay in memory. 

0189. Select tape unit 0201. 

0194. Write out the payroll record. 

0199. Repeat the program for the next record. 



TABLE LOOK-UP 

Many types of procedures include as a basic opera- 
tion the matching of detail transactions against a 
previous balance record. Usually the purpose of asso- 
ciating detail with balance records is to revise the 
balance to include the detail. In IBM accounting 
practice, three main steps are involved: 

1. Arranging the detail in sequence by some field 
common to both detail and balance forward 
cards. 

2. Matching and merging the detail with the bal- 
ance forward records by a common field. 

3. Summarizing to revise the balance forward and 
also printing a report to record new balances. 

Other preliminary procedures may involve a sep- 
arate coding operation where, instead of a balance 
record, a table look-up is required. This may be neces- 
sary in order to price, code, classify, or perform 
calculations on detail transactions before they are 
associated with balance cards. Three main steps are 
also involved in this procedure: 

1. Arranging the detail in sequence by some field 
common to the detail and the table cards. 

2. Matching and merging the detail with the table 
cards. 

3. Transcribing a factor from the table to the 
detail card by gang punching or reproducing. 
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In clerical operations, the preliminary step of sort- 
ing the detail items is often omitted. Only the table, 
catalog, ledger or reference material is arranged in 
sequence. Detail items are compared one at a time 
against the reference material by looking down the 
left-hand column of the table until the matching 
field is discovered. 

If the operation is a table look-up, a transcription 
is made from the table to the detail transaction. "When 
a posting operation is being done, the detail item is 
posted to the balance record and a new balance is 
calculated. 

Drum Storage 

Drum storage may be used in the 702 for both 
table look-up and balance forward operations. Either 
the clerical or accounting machine method may be 
used, depending upon how the records are received, 
the number of items in the table, and drum capacity. 

Magnetic Drum Storage Unit 

From one to thirty magnetic drum storage units 
(Figure 41) are available with the 702, each with a 
maximum capacity of 60,000 characters. Drum stor- 
age of less than 60,000 characters is also available. 

While the drum is revolving at high speed, infor- 
mation can be written magnetically on its surface in 
much the same manner as data are recorded on tape. 
Also, as on tape, recording is permanent and may be 
retained after the power is turned off. "Writing over 
a section erases any information previously written. 

Each drum is divided into 300 addressable sections 
and each section can store up to 200 characters. The 
average time required to locate the first character 
position of a section by a reading or writing opera- 
tion is 8.12 milliseconds. Thereafter, characters can be 
read from or written consecutively on the drum at 
a rate of .04 milliseconds per character. 

The drum is called into use by a select instruction 
and the address part of the instruction specifies the 
section to be operated upon. Addresses 1000-1299 
specify the sections on the first drum, addresses 1300 
to 1599 the sections on the second drum, 1600 to 
1899 the third drum, and so on. 

The select instruction may be followed by a read, 
read and check, write, or write and erase operation. 
Information is read from the drum starting with the 
first character of the section specified by the select 
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200 characters per section 
Figure 41. Schematic, Drum Storage 

instruction and is read into memory starting with the 
memory position specified by the reading instruction. 
Reading continues until a drum mark is sensed. The 
reading operation will then stop and a record mark 
will be emitted into the next higher memory position. 

On a read and check operation, sensing the drum 
mark will cause the machine to check for a record 
mark in the corresponding memory position. If a 
record mark is not sensed in this position, the read- 
write check indicator is turned on. 

Information is written on the drum from memory 
starting with the memory location specified by the 
write instruction. The first character from memory 
will be written in the first position of the drum sec- 
tion specified by the select instruction. Writing con- 
tinues until a record mark is sensed. The writing oper- 
ation will then stop and a drum mark will be emitted 
on the drum in the next higher storage position. 

Reading or writing can pass from one drum sec- 
tion to another until a drum or record mark is sensed. 
An attempt to read or write beyond the limit of the 
drum will turn on the read- write check indicator and 
also the drum input-output indicator used especially 
to detect this error. The input-output indicator will 
be turned off by a subsequent read, read and check, 
write, or write and erase instruction for the drum, or 
it may be turned off by a control 0000 instruction. 
The read-write indicator is turned off by a select and 
transfer on signal instruction. 
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Drum Search (Table Look-up) Problem 

The following problem illustrates table look-up 
combined with balance forward calculations. 

The cost of each labor ticket in a cost accounting 
procedure is to be applied to the corresponding job 
number. Each labor ticket (Figure 42) has a four- 
digit job number and a four-digit suffix. The suffix 
is the number of the drum section where the total 
labor cost is stored. 

In each section of the drum there are 1 8 job num- 
bers of four digits arranged in ascending sequence. 
A seven-digit signed amount field is assigned to each 
job number to provide storage for a cumulative total 
for costs applied to that job number. The last job 
number in each section is 9999. 

The program illustrated will read in the card, locate 
the proper drum section, and read the contents of 
that section into memory beginning in position 2001 
(Figure 42). "When the proper drum section is in 
memory, including all job numbers and amounts 
stored in that section, a search is made for the proper 
job number. 

After it is found, the total cost is adjusted and the 
series of job numbers is again stored on the drum. 



The loading program for putting balance forward 
records on the drum is not included in this problem. 
The card record, the constant data and the drum 
record are shown below. 
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Figure 42. Record Storage, Drum Search 
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Figure 43. Program, Drum Search 



Program, Drum Search 
The steps in the program are as follows: 
0004. Select card reader 0100. 

0009. Read the card record into memory beginning 
with position 4001. 

0014. Prepare the accumulator to load in four- 
digits. 

0019. Load in the job number suffix. This is also 
the address of the drum section where this job num- 
ber is stored. 

0024. Unload this address into the address part 
of a select instruction. The instruction can then be 
used to select the proper drum section for reading. 

0029. Unload this address into the address part 
of a second select instruction. This instruction will 
later be used to select the proper drum section for 
writing the completed record back onto the drum. 

0034. Select drum section 1206; this address was 
set up by the unload step in location 0024. 

0039. Read the contents of the entire drum sec- 
tion 1206 into memory until the drum mark is sensed. 



0044. Load the first job number from the card 
record into the accumulator. 

0049. Compare the job number from the card 
record with the first job number from drum storage. 

0054. When job numbers match, transfer to the 
balance forward calculation program branch. 

0059. If the detail (card) job number is high, 
transfer to the program to compare against the next 
job number from the drum. 

0064. If the detail job number is lower, an error 
has occurred; stop the machine. 

0069. Reset add 0011 into the accumulator. When 
the job number is high, the compare instruction at 
location 0049 must be adjusted to compare with the 
next number on the drum. Each job number is spaced 
eleven positions on the drum, four for job number, 
seven for cost amount. 

0074. The constant 0011 is added to the address 
part of the compare instruction. The 0011 is used 
because an add to memory instruction is addressed 
to an unsigned memory location. 

0079. The constant 0011 is added to the address 
of the add to memory instruction to change the 
balance forward amount. This address now agrees 
with the compare instruction address which will check 
for a match between the detail job number and the 
next balance forward job number. 

0084. Transfer to the compare instruction to com- 
pare the next highest job number from the drum. 

EQUAL CONDITION BALANCE FORWARD 

CALCULATION 

0089. Job cost from the card record is added into 
accumulator A. 

0094. The constant 0007 is added into accumu- 
lator B. 

0099. A 7 is added to the address part of the next 
instruction to calculate the address of the balance- 
forward amount. 

0104. Detail job cost is added to total cost. 

0109. The drum section for the series of job num- 
bers now stored in memory is selected. 

0114. The job numbers and corresponding costs 
are read from memory to the drum. 

0119. Reset and add the starting address of the 
.first job number in memory. 

0124. Replace the starting address in location 0049. 

0129. Replace the starting address in location 0104. 

0134. Transfer to read the next record. 
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OTHER INSTRUCTIONS 

additional operations of the 702 are detailed in this 
section. These provide for rearrangement of records 
in memory for printing, checking of records which 
have been written on tape, cards, or drum, and elim- 
ination of repetitive printing. Also included are 
illustrations of floating dollar signs, using the nor- 
malize and transfer operation and the setting of a 
program switch using the no operation instruction. 

Record Arrangement for Printing 

When a write instruction follows the selection of 
a printer, data are "written out" of memory from 
left to right beginning with the character specified 
by the address part of the write instruction. Infor- 
mation is transmitted to printer record storage, 
character by character, exactly as received from 
memory until the record mark is reached. 

In normal programming, it is therefore necessary 
to consider the report form and to record fields in 
memory to fit this particular form before a write 
instruction is given. One position must be allowed in 
the record for each type space of the printed line, 
including special characters, commas, decimals, and 
blanks. Insignificant zeros to the left of digits in 
arithmetical fields should also be dropped before 
printing. 

Indicative fields, descriptions, or other portions of 
a record can be shifted to conform with the printing 
arrangement in memory by the use of load and unload 
instructions. Amount fields from accumulator stor- 
age are stored in memory for printing by the store 
for printing instruction. 

Store for Printing (5— ST PR) 

1. The store for printing instruction normally is 
used to transfer a numerical field from accumulator 
storage to memory. 

2. When the sign of the accumulator is plus, a 
blank is stored in the memory position specified by 
the address part of the instruction. 

3. When the sign of the accumulator is minus, a 
hyphen is stored in the memory position specified by 
the address part of the instruction. 

4. The numerical accumulator field is stored in the 
memory positions directly to the left of the sign 
position. The left limit of the field is determined by 
the accumulator mark. 

5. When decimals or commas are encountered in 



memory, these memory positions are skipped and the 
digits are stored in successively lower address posi- 
tions. 

6. All zeros and commas to the left of the highest 
order significant digit of the resulting field in memory 
are replaced by blank characters. Zeros to the right 
of a decimal point will not be replaced. 

7. The field in the accumulator remains unchanged 
by this instruction. 

Program, Store for Printing 

One method of using the store for printing instruc- 
tion is to store the printing form on the drum as 
blanks and special characters during the loading pro- 
cedure, as shown in Figure 44. The amount field in 
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Figure 44. Instruction, Store for Printing 
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accumulator A is to be printed from print wheels 1 
through 9. Eleven positions in memory are assigned 
for storage of the field, including the comma and 
decimal characters to be printed. One position is also 
allowed for the sign, one for a blank print wheel to 
the right of the field, and one position for the record 
mark. Memory addresses are 0614 through 0624. The 
program is diagrammed in Figure 44. 

Additional examples of the store for printing in- 
struction are given below: 
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Checking Tape Records 

Information recorded on tape, drums, or cards may 
be checked by the use of the read and check instruc- 
tion. 

Read and Check (l-R CMC) 

1. During the read and check operation, a record 
is read from the input-output unit last selected and 
is compared against a stored record in memory. 

2. The address part of the instruction locates the 
first character of the record in memory to be com- 
pared. 

3. Comparison between memory and a tape, card 
or drum record continues from left to right through 
higher memory address positions, one character at a 
time, until the end of the record is sensed. A test is 
then made to determine that a record mark is stored 
in the next higher memory address. 

4. When the comparison results in an inequality, 
the read-write check indicator is turned on. A pro- 
grain transfer can then be made by a transfer on 
signal instruction. 

Program, Read and Check 

A program example of the read and check instruc- 
tion is given in Figure 45. This method of correction 
assumes that no information is wanted beyond the 
point where back-spacing occurs. 

0004. Select tape unit 0200. 

0009. Write the output record. 

0014. Back-space the tape unit record. 



INSTR. 
LOCATION 


INSTRUCTION 


ACCUMULATOR A 


Z 


ACCUMULATOR B 


Z 

o 


OPER. 


ADDRESS 


0004 


Sel 


0200 










0009 


Write 


0150 










0014 


Ctrl 


0004 










0019 


R Chk 


0150 










0024 


Sel 


0902 










0029 


Tr Sig 


0059 










0034 






























COHRECTldN ROUTINE 








0059 


Sel 


0200 










0064 


Ctrl 


0004 










0069 


Tr 


0009 











Figure 45. Program, Read and Check 

0019. Read the tape and compare with memory. 

0024. Select the read-write check indicator (in- 
dicator is on if comparison is not equal). 

0029. Transfer to the correction routine when the 
indicator is on. 

0034. Continue the main program if no error is 
discovered. 

Correction Routine 

0059. Select the tape unit. 

0064. Back-space the tape one record. 

0069. Transfer back to the write routine. 

Read and Check Sub-Routine 

Sub-routines may be included in this program to 
limit the number of times the machine will attempt 
to rewrite a record. At the end of the limit, the 
machine can be instructed to stop and write the 
record on the typewriter. Operation can then con- 
tinue at the discretion of the operator, depending 
upon the nature of the error. 

The read and check instruction may also be used 
after all records have been written on the tape. The 
tape is rewound, the write instruction of the program 
is replaced by read and check, and the program is 
repeated. The records previously written will be 
checked against the recalculated results in memory. 
Over- all machine operation can be checked by com- 
puting the same records with two different programs. 

Information recorded on the drum can be checked 
by giving a read and check instruction having the 
same address as the previous write instruction. 

Cards can be checked after punching by placing 
them in a card reader and substituting the select and 
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write instructions that pertained to the card punch 
with select and read and check instructions for the 
card reader. 

The record illustrated in Figure 46 is on tape. 
Compute the number of days required to make a 
certain part. The time required, expressed in days, 
equals the hours required per part multiplied by the 
number of parts required, divided by eight (eight- 



hour day), plus a constant five-day contingency. 
Round days. 

Read the input tape and check for end of file and 
for character code error. If an error is detected, read 
the tape again. Stop the machine if the error persists 
after re-reading. When the end of file is sensed: 

1. Rewind tape unit 1. 

2. Place the tape mark on the new tape. 
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Figure 46. Flow Chart, Read and Check 
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3. Rewind tape unit 2. 

4. Write instructions to the operator. 

5. Stop the machine. 

Write the output tape, back-space the output tape 
and read and check to be certain the record was writ- 
ten correctly. If an output error is detected, stop the 
machine. Formula: 



Hours per part X Parts required 






Total Time Required 

Note: Hours per part times parts required will never 
exceed 755.0 hours. 

Program, Read and Check Sub-Routine 

Figure 47 is the program for the problem. 

0004. Select tape unit 0200. 

0009. Read in the record. 

0014. Transfer to end of file if the input-output 
indicator is on. 

0019. Select the read-write indicator. 

0024. Transfer to the error procedure if the read- 
write indicator is on. 

0029. Transfer to the calculation procedure if no 
error is indicated. 

INPUT ERROR PROCEDURE 

0034. Select tape unit 0200 a second time. 
0039. Back-space the tape one record. 
0044. Read the tape a second time and check. 
0049. Select the read-write check indicator. 
0054. If an error occurs the second time, transfer 
to stop the machine. 

0059. If the error is corrected, transfer to calculate. 
0064. Stop 0001. 

CALCULATION PROCEDURE 

0069. Reset and add hours per part. 

0074. Multiply parts required. 

0079. Divide product by 8 hours. 

0084. Round off the last decimal place. 

0089. Remove the insignificant zero. 

0094. Add the 5 -day contingency. 

0099. Store the result in memory at address 0722. 

OUTPUT ERROR PROCEDURE 

0104. Select the output tape unit 0201. 

0109. Write the record. 

0114. Back-space the output record. 

0119. Read the record and check. 

0124. Select the read- write check indicator. 
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Figure 47. Program, Read and Check 

0129. Transfer to stop 0002 if an error is detected. 
0134. If no error occurs, read the next record and 
repeat the entire program. 
0139. Stop 0002. 

END OF FILE PROCEDURE 

0144. Rewind the input tape unit 0200. 

0149. Select tape unit 0201. 

0154. "Write a tape mark on the tape. 

0159. Rewind tape unit 0201. 

0164. Select the typewriter. 

0169. Write the instruction to the operator. 

0174. Stop 0003. 
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Write and Erase Memory 

It is often desirable, when writing a record on tape 
or when printing reports, to write certain indicative 
information only once. This information may be 
common to a group of records. Usually, the common 
information, such as name, part number, invoice 
number, or customer number, is written with the 
first record of the group. In accounting machine 
practice this operation is referred to as "group in- 
dication." The same operation can be performed 
by the 702 by using the write and erase memory 
operation. 

Write and Erase (Z-WR ER) 

1 . The write and erase instruction is used to trans- 
fer a record stored in memory to an output unit or 
a drum. A select instruction is first given to specify 
the address of the tape unit, card punch, printer, or 
drum section to be used. The address part of the 
write and erase instruction locates the first left-hand 
character of the record in memory. 



2. A record is written from memory from left to 
right until a record mark is sensed in the same manner 
as for the write instruction. The write and erase in- 
struction, however, replaces each character in memory 
by a blank. The entire record is therefore erased 
from memory when the instruction is executed. The 
storage of the record mark is unchanged. 

3. The instruction is normally used for printing 
successive lines of different field arrangement or for 
group indication when detail printing. Fields may 
also be arranged on the tape for future printing and 
repetitive information can be eliminated in succes- 
sive records. 

Program, Write and Erase 

The report form illustrated in Figure 48 is printed 
by using the write and erase instruction. 

Card input records are stored in memory as shown 
in Figure 48A. Cards are received in sequence by 
assembly number and are punched to include the 
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Figure 48. Storage and Report, Write and Erase Memory 
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fields shown. Card fields are unsigned. The steps in 
the procedure follow. 

1. The quantity of assemblies is multiplied by 
quantity of parts per assembly to calculate the 
total parts requirements. 

2. The card record is arranged for printing in 
memory as shown in Figure 48C. 

3. A comma, zero and record mark are stored for 
use as constant factors (Figure 48B). 

4. The previous card record assembly number is 
stored in memory for sequence checking and 
to control group indication of assembly num- 
ber, name, and quantity (Figure 48B) . 

The complete program is shown in Figure 49. A 
detailed explanation follows. 

0004. Reset and add plus zero in accumulator A. 

0009. Place seven zeros in the accumulator. 

0014. Unload seven zeros in memory at address 
0588. Zeros are used to compare against the first 
card record assembly number to obtain a higher 
comparison. 

0019. Set left accumulator B one position. 

0024. Load in the record mark. 

0029. Place the record mark at the end of the 
print record. 

0034. Load a constant comma from memory posi- 
tion 0589. 

0039. Unload the comma in print record storage 
position 0639. The comma will be printed on every 
line when the total quantity of parts is 1000 or more. 

0044. Select the card reader. 

0049. Read the card record. 

0054. Place an ampersand in accumulator A. 

0059. Add the sign to the quantity per assembly. 

0064. Add the sign to assembly quantity. 

0069. Reset and add quantity per assembly. 

0074. Multiply result by assembly quantity. 

0079. Adjust the accumulator to four positions. 

0084. Store the total quantity of parts in the print 
record. 

Adjust the accumulator to seven positions. 
Load in the part number from the card 



0089 

0094 
record. 

0099 
record. 

0104 
record. 

0109. Compare with the previous assembly num- 
ber, The first card compares with zeros, resulting in 
a high comparison. 
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Figure 49. Program, Write and Erase Memory 

0114. Unload the assembly number for compari- 
son with the next record. 

0119. Transfer on a high comparison to print the 
entire record. 

0124. Transfer on an equal comparison to print 
a partial record. 

0129. Stop on a low comparison; cards out of 
sequence. 

0134. Unload the assembly number into the print 
record. 

0139. Unload a comma from accumulator B into 
the print record to print when the quantity of as v 
semblies is 1000 or more. 

0144. Reset and add the quantity of assemblies 
from the card record. 
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0149. Store the quantity of assemblies for printing. 

0154. Adjust the accumulator to ten positions. 

0159. Load the assembly name from the card 
record. 

0164. Unload the assembly name to print. 

0169. Select printer 0400. 

0174. Write and erase the print record. All 
memory positions written are cleared to blanks except 
the record mark. 

0179. Transfer to restore the comma to the print 
record, read a card, and repeat the program. 

Normalizing Accumulator Storage 

The normalize and transfer instruction is useful 
in removing zeros, one at a time, from the left end 
of accumulator storage. A program routine may then 
be inserted to count the number of zeros removed, 
a necessary function in floating decimal or floating 
dollar sign operations. 

Normalize and Transfer (X-NORM TR) 

1. The normalize and transfer instruction is used 
to remove the left-hand character of the accumulator 
storage field /'/ the numerical portion of that char- 
acter is a zero. 

2. A transfer is made to the location specified by 
the address part of the instruction when a character 
is deleted. 

3. If the numerical portion of the left-hand char- 
acter is not a zero, the accumulator storage field is 
not changed, a transfer is not made, and the machine 
will proceed to the next instruction. 

4. When the accumulator storage field consists of 
a single zero, the zero will not be deleted and a trans- 
fer will not be made. 

Program, Normalize and Transfer 

The problem of printing a dollar sign next to the 
left-hand digit of a variable-length field is illustrated 
in Figure 50. The following are assumed: 

1. Accumulator A contains a calculated result 
(a003456) which is to be printed as $34.56. 

2. The location in memory for storing the result 
for printing is given as 0200 through 0207, with the 
dollar sign to be stored initially at address 0200. In 
this exam|)le, the dollar sign must be shifted to the 
right to address 0202 to replace the zeros removed 
from the accumulator field. The number of positions 
shifted will be equal to the number of zeros deleted. 
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Figure 50. Memory Storage, Normalize 
and Transfer 

3. Constant data needed in the program are stored 
in memory at addresses 0710 through 0721. 

Figure 51 is the program for properly placing the 
dollar sign. 

0634. The normalize and transfer instruction re- 
moves the left-hand zero of the amount in accumu- 
lator A and transfers to a routine to shift the address 
of the dollar sign. When no insignificant zeros are 
found in the field, a transfer is not effected and the 
next instruction will be executed. 

0639. Adjust accumulator B one position. 

0644. Load the dollar sign. 

0649. Unload the dollar sign into the adjusted 
address calculated by the program steps at locations 
0694 and 0699. 

0654. Store the normalized amount in memory 
for printing. 

0659. Adjust accumulator B to four positions. 

0664. Load the original address of the dollar sign. 

0669. Restore the original address of the sign to 
0200. 

0674. Transfer to other sections of the program 
for additional operations. 

0679. Load the original address of the dollar sign 
into accumulator B. 

0684. Compare to the constant 0204. If the accu- 
mulator field should contain five insignificant zeros 
or should be a zero balance, the dollar sign would 
be shifted to the right of the decimal point. To pre- 
vent this condition, the adjusted address at location 
0649 should not be higher than 0205. 

0689. A high condition transfers to location 0639, 
preventing any further normalizing of the accu- 
mulator field. 

0694. Load 0001 into the accumulator B. 

0699. Shift the address of the dollar sign by add- 
ing 0001 to the instruction address at location 0649. 
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Figure 51. Program, Normalize and Transfer 

0704. Transfer to normalize and repeat the pro- 
gram. 

Note that the normalize and transfer instruction 
may be used to remove zeros from an accumulator 
storage field without a transfer. The address part 
may specify the location in memory of the instruc- 
tion itself. For example: 0964 norm tr 0964. The 
address part transfers the program back to the loca- 
tion of the instruction at 0964 and repeats the nor- 
malizing of the accumulator field until all zeros are 
deleted. The machine will then proceed to the next 
instruction in memory in the normal manner. 

Omitting Program Steps 

One of the decisions the 702 may make is to omit 
a program step when the result of a preceding step 
has made this instruction unnecessary. This can be 
done by changing the operation part of the instruc- 
tion to A, no operation. 

No Operation (A-NO OP) 

1 . The no operation instruction causes the machine 
to proceed to the next instruction of a program. 

2. The address part has no effect. 

3. The instruction may also be used to set up 
changes within a program by changing the operation 
part 1 of a transfer instruction to the operation part 
A of the no operation instruction. The program can 
then be made to perform the same function as a 
pilot selector in an IBM accounting machine. For 



example, a change can be made to an alternate routine 
when certain conditions, such as the end of a file or 
other exceptions to normal routine, are encountered 
during the program. 

The change of the operation part is effected by a 
sign instruction to remove the 12 zoning from the 
A code or an add memory instruction to place a 12 
zone over the 1 code. 

A block diagram for a portion of a balance forward 
procedure is illustrated in Figure 52. The program 
switch is set to read out the input tape when there 
are unmatched balance forward records remaining 
after all detail transactions have been processed. The 
switch is set to no op as long as there are detail cards 
to be processed. The posting of the balance forward 
records continues in the main program. Separate 
routines are indicated to change reels when the end 
of the tape is reached, check sequence of input rec- 
ords, and so on. 
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Figure 52. Use of the No-Operation Instruction 
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Execution of Instructions 

The operation of the machine, while executing an 
instruction, is divided into two parts: 

1. The reading and interpreting of the instruction, 
called instruction time. 

2. The actual execution of the instruction, called 
execution time. 

An instruction counter and a memory address 
counter are both involved in the reading of an in- 
struction (Figure 53). At the beginning of instruc- 
tion time, the instruction counter is already set to 
the memory address of the right-hand digit of the 
instruction. At the end of the execution of the pre- 
ceding instruction, the memory address counter is set 
to the same address. The instruction counter is then 
stepped four addresses higher while the memory ad- 
dress counter is stepped four addresses lower. As this 
occurs, the memory address counter reads the address 
part of the instruction it is passing over in memory 
into the memory address register, one digit at a time. 
The operation part of the instruction is read into the 
operation register. 

At the end of instruction time, the instruction 
counter is stepped one address higher to the address 
of the right-hand digit of the next instruction in the 
program. It remains in this position during execu- 
tion time. 

During the normal preparation for executing an 
entire program, the reset key is depressed, setting the 
instruction counter to memory address 0004. When 
the start key is depressed, the sequence of operations 
just described occurs in reading the instruction. 

The instruction counter may be manually trans- 
ferred to the address of any instruction in memory. 
When this is done, the reading operations are the 
same except that they begin at the address of the 
right hand digit of the instruction transferred to. 
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The machine automatically executes the instruc- 
tion during execution time, performing different series 
of actions for different instructions. During execu- 
tion time, the memory address counter is changed 
to the different addresses in memory as necessary to 
control the information which is read out of or stored 
in memory. 

At the end of execution time, the memory address 
counter resets to the address position of the instruc- 
tion counter, which has been positioned at the next 
instruction. The same operations described for in- 
struction time are repeated for that instruction. The 
counter continues to count, instruction by instruc- 
tion, to successively higher memory addresses until 
it reaches the end of the program or a transfer to a 
different series of instructions. 
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A detailed description of each of the Type 702 
components will be found in this section. The use 
of the various operating lights and keys associated 
with each unit is also explained. 

OPERATOR'S CONSOLE 

The operator's console is furnished as a separate 
unit of the 702 (Figure 54). It may be placed at 
any convenient location in the installation. The con- 
sole is used to: 

1. Control the machine manually. 

2. Correct errors. 

3. Determine the status of machine circuits, reg- 
isters and counters. 

4. Determine the contents of memory and accu- 
mulator storage. 

5. Revise the contents of memory. 



Keys and Lights 

The lights and keys on the console are explained 
under the numbers indicated on the console panel 
diagram (Figure 55). 

1. Operation Decoder 

There are 36 neon lights in this section. Thirty- 
two of the lights represent the 32 machine instruc- 
tions and are turned on as each instruction is exe- 
cuted. Four lights are reserved for possible additional 
instructions. 

Both the instruction abbreviation and the operation 
part are printed beside each light. The binary code 
decimal notation on the left side represents the digits 
1 through 9. The binary codes across the top repre- 
sent the zones. For example: The operation part for 
no op is A. The binary code for A is zone 11 (12) 
and numerical 0001 (1). 




Figure 54. Operator's Console 
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Figure 55. Schematic, Operator's Console 



2. Operation Register 

The operation part of an instruction being exe- 
cuted is displayed in the 702 character code by neon 
lights in the operation register. 

3. Memory Address Register 

The four-digit address part of the instruction is 
displayed in the memory address register. Sixteen 
neon lights are used to display the 702 character code. 
The numbers at the top of the section represent the 
units, tens, hundreds, and thousands positions of the 
address of the instruction being executed. 

4. Instruction Counter 

The sixteen neons in this section show the address 
contained in the instruction counter. 

5. Memory Address Counter 

The memory address counter neons display the 
location of the next character position to be operated 
upon in memory. At the end of execution time, the 
memory address counter is set to the same address 
contained in the instruction counter. 



6. Accumulator SPC (Starting Point Counter) A 

The nine lights indicate in straight binary form 
(256, 128, 64, 32, 16, 8, 4, 2, 1) the position of the 
starting point counter for accumulator storage A. 
This starting point varies according to the program. 

7. AAC (Accumulator Address Counter) 

The nine lights indicate in straight binary form 
which of the accumulator field positions is being 
operated upon at any given time. Either accumu- 
lator A or B is selected by the accumulator storage 
selector switch. This switch affects only manual oper- 
ations, such as display. (See 23.) 

8. Accumulator SPC (Starting Point Counter) B 

The nine lights indicate in straight binary form 
the position of the starting point counter for accu- 
mulator storage B. This starting point varies accord- 
ing to the program being worked. 

9. Clear Memory 

Depressing this key, when the machine is stopped, 
restores all memory positions to blank characters. 
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The clear memory key has no effect while the machine 
is in automatic operation. 

10. Power On (Key and Red Light) 

Depressing the power-on key turns on the AC and 
DC voltages sequentially in the machine and turns 
on the red power-on light. When the voltages are 
properly stabilized, the machine is automatically reset. 
The instruction counter is set to address 0004, all 
positions of both accumulators are reset to accumu- 
lator marks, all memory positions are reset to blanks, 
and all checking circuits are reset to normal. The 
manual light is then turned on, indicating that the 
machine is ready for operation. 

11. DC On-Off (Keys and Light) 

Depressing the DC-on key supplies DC power to 
the machine and lights the DC-on light. It also 
accomplishes a reset in the same manner as the 
power-on key. Pressing the DC-off key cuts off DC 
power to the machine. 

12. Master Off 

Depressing this key immediately cuts off all power 
to the entire machine, including the cooling system. 

13. Normal Off 

Depressing this key turns off the AC-DC voltages 
sequentially in the machine. The cooling system con- 
tinues to operate for several minutes. 

14. Check Stops 

The check stop lights indicate the exact cause of 
a stop determined by the machine's checking circuits. 
The lights are in two columns, instruction check 
lights and machine check lights. 

INSTRUCTION CHECK LIGHTS 

Non-Numerical Instruction Character Cycle 1-2-3. 
This light turns on when the units, tens, or hundreds 
position of the address is anything but 0-9. 

Improper Character Instruction Character Cycle 4. 
This light turns on when the thousands position of 
the address is anything but through 9, or through 
9 with a minus sign (accumulator B). 

Operation Check. This light turns on when the 
operation part of an instruction is any letter or 
number other than what has been set up for the 32 
instructions or when the operation decoder does not 
function properly. (This unit translates the coded 
operation part into the actual operation.) 



Character Register 1 Code Check. This light turns 
on when there is a character code.error in the inter- 
pretation of an instruction (i. e., during instruc- 
tion time). 

MACHINE CHECK STOP LIGHTS 

Character Register 1 Code Check. This light turns 
on when there is a character code error in the char- 
acter last used from memory. 

Character Register 2 Code Check. This light turns 
on where there is a character code error in the char- 
acter last read from accumulator storage. 

15. Memory Display CR (Character Register) 1 

The seven lights in this unit indicate in 702 code 
form the character most recently read from memory. 
The address of the next character to be read is dis- 
played in the memory address counter. 

16. Accumulator Display CR (Character Register) 2 
The seven lights in this unit indicate in 702 code 

form the character most recently read from accu- 
mulator storage. Either accumulator A or B is selected 
by the accumulator storage selector switch. 

17. Accumulator Sign (— ) A, B 

These two lights are turned on when the sign of 
accumulator storage A or B is turned to minus. 

18. Accumulator B 

This light is turned on when either a manual or 
program instruction designates accumulator storage 
B. It remains on until that instruction is completely 
executed. 

19. Select Register 

The sixteen lights on the select register display 
the number of the device last selected in 702 code 
form. The number will be shown for that device 
until another device is selected. 

20. I/O (Input-Output) No Response 

The machine stops and this signal turns on when 
the selected unit does not exist or when an addressed 
unit is not in "ready" status. The signal also turns 
on for conflicting instructions such as select 0100 
and write, or select 0400 and read. 

21. Alteration Switches 

Each alteration switch has a specific address. If 
a switch is on when interrogated by the program, a 
transfer is effected. If the switch is off, no action 
takes place. 
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22. Check Indicator Switches 

Six switches are provided, one for each of the check 
indicators. When a switch is turned to automatic 
stop, the machine will stop when the corresponding 
error occurs. When the switch is turned to program, 
the error condition will be indicated, but the course 
of action is determined by the program (see Check 
Indicator) . 

Each switch is associated with a light above it to 
indicate when the indicator is on. 

23. Accumulator Storage Selector Switch 

This switch selects the accumulator storage from 
which a character is to be displayed in a manual 
display operation by the CR 2 lights, or selects the 
accumulator to be used in a manual instruction 
operation. 

24. Machine Stop 

When an internal operation is being performed, 
depressing the machine stop key stops the machine 
immediately. When an input-output operation is 
being performed, both the reset and machine stop 
keys must be depressed simultaneously to stop oper- 
ation immediately. The operator must manually trans- 
fer to the desired instruction before depressing the 
start button. 

25. Half Multiple Step 

Depressing this key causes the machine to operate 
in half steps. One depression causes an instruction 
cycle. A second depression causes an execution cycle. 
If the key is held depressed for more than two sec- 
onds, the machine goes through alternate instruction 
and execution cycles at about ten per second as long 
as the key is held. 

If the machine is running when the key is de- 
pressed, it will stop after executing the current 
instruction. 

Depressing the half multiple step key also resets 
the checking circuits. 

26. Instruction (Key and Yellow Light) 

To instruct the machine manually, the procedure is: 

1. Depress the instruction key. This puts the ma- 
chine in instruction status. If the machine is in 
automatic operation, it will stop after the current 
instruction is executed. 

2. Key the address in the address selector (either 
before or after depressing the instruction key). 

3. Key the operation part on the keyboard. This 
executes the instruction. 



Subsequent instructions may be keyed in without 
any re-depression of the instruction key. 

27. Store (Key and Yellow Light) 

The store key is depressed to manually key infor- 
mation into memory. When the key is depressed: 

The machine stops after the current instruction is 
executed. 

The yellow store light and the manual light turn on. 

The first character keyed on the keyboard enters 
the memory position specified by the address se- 
lector. Subsequent characters are entered into 
successively higher memory addresses. 

During a manual store operation, the next memory 
address to receive a character is indicated by the 
memory address counter lights. 

28. Automatic— Start (Key and Green Light) 
Depressing the start key begins machine operation 

at the normal high-speed rate. Operations continue 
until a programmed or error stop occurs, or until the 
stop, store, display, or half multiple-step key is de- 
pressed. Depressing the start key after a manual or 
programmed stop has occurred turns on the automatic 
light and causes the machine to begin operation. 

If the machine stop is caused by an error during 
the execution of an instruction, the machine will re- 
sume with the instruction following the one in error. 
If the error occurred during instruction time, a man- 
ual transfer to the next instruction must be made 
before depressing the start key. 

To start elsewhere in the program at any time, a 
manual transfer may be made to any instruction in 
the program. 

Depressing the start key resets all the check circuits. 

29. Manual— Stop (Key and Red Light) 
Depressing the stop key causes the machine to stop 

after executing the current instruction and turns on 
the manual light. 

30. Display— Display Step (Keys and Yellow Light) 
Depressing the display key stops the machine and 

puts it in display status as indicated by the display 
light. Subsequently depressing the display step key 
causes the character at the memory address specified 
by the address selector to be shown in the CR 1 
section. The right-hand character of accumulator 
storage is shown in the CR 2 neons. Either accumu- 
lator A or B may be shown, depending upon the 
position of the accumulator storage selector switch. 
Successive depressions of the display step key will 
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display successive memory and accumulator charac- 
ters to the left. 

The position of the next memory character to be 
shown in the CR 1 neons is indicated by the memory 
address counter neons. 

31. Reset 

The reset key restores all checking circuits to nor- 
mal, sets the instruction counter to 0004, and 
restores all accumulator storage positions to accumu- 
lator marks. 

32. Address Selector 

Forty keys in the address selector are arranged in 
four columns of ten keys each. Each column of keys 
is numbered through 9, starting at the bottom, 
and represents one digit of a four-digit address. By 
depressing the proper key in each column, the oper- 
ator may set up any four- digit address which will 
be maintained until other keys are depressed. 

The address selector is used in manual store, in- 
struction, and display operations. 

When the machine is in automatic operation, de- 
pressing the address selector keys has no effect. An 
address can be set up while the machine is operating, 
before the store, instruction or display key is de- 
pressed. 

Keyboard 

A keyboard similar to that on the Type 24 Card 
Punch is provided to allow manual insertion of in- 
structions and data into the machine. 

CARD READER, TYPE 712 

IBM cards may be read at a rate of 250 cards per 
minute. Because the Card Reader (Figure 56) is pro- 
vided with record storage, however, it is possible to 
read the contents of one card at a speed closely ap- 
proaching the high internal speed of the 702. When 
the read instruction is given to a card reader, the 
record is read serially from its record storage to 
memory. The storage then refills with the contents 
of the next card, so that this record will also be avail- 
able at high speed when required. 

As soon as a record has been read into memory from 
record storage, the 702 is free to continue its program 
while the record storage unit is being refilled. 

All eighty columns of the card are read into record 
storage. Blank columns are read in as blank char- 
acters. When the record is read into memory from 



record storage, all eighty characters are read in and 
a record mark is stored in the memory position fol- 
lowing the last character. 

No provision is made for rearrangement of fields 
within the card record in the process of reading it 
into the 702. The ability of the 702 to rearrange 
fields in memory by programming makes such a 
provision in the card reader unnecessary. 

The 702 can be equipped with any reasonable 
number of card readers with their control units. 

Checking 

The information entered into the 702 from a card 
is checked in two distinct ways: 

1. The card is read at two different brush stations 
and the results are checked against each other. A 
difference causes the read-write check indicator to 
be turned on. 

2. The information read from record storage into 
the 702 is given a character code check. If this check 
indicates an error, the read-write check indicator is 
turned on. 

Note that the read-write check indicator is turned 
on after the record containing the error has been 
read from record storage into memory. 

Operating Keys and Lights 
Start Key 
The start key has two distinct functions: 

1. When the hopper is first filled, depressing the 
start key feeds the first three cards. The first card is 
read into record storage. 

Depressing the start key a second time turns on the 
calculator interlock, making the card reader available 
for operation under 702 control. Depressing this key 
has no effect if the calculator interlock is already 
turned on. When the card reader is first prepared for 
operation, it is necessary to depress the start key twice, 
once for feeding and once to turn on the calculator 
interlock. 

2. When the last card has been fed from the hopper 
(before its contents are stored in record storage) the 
machine stops. The calculator interlock is turned off, 
and it is necessary for the operator to depress the 
start key before operation can proceed under 702 
control. If the card file is not at an end, the operator 
will replenish the supply of cards in the hopper before 
depressing the start key. If the card file is at an end, 
depressing the start key will allow the 702 to resume 
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operation and the two remaining cards will be read. 
The input-output indicator for the card reader is 
turned on when the 702 executes the read instruction 
following the one which read the last card in the file 
from record storage to the 702. 

The input-output indicator can be turned off by 
the instruction ctrl 0000, or by running in the cards 
when starting an operation. 

Stop Key 

Depressing this key turns off the calculator inter- 
lock and causes the card reader to stop operating. After 
a feed error it can be used to turn off the feed check 
light after all the cards have been removed from 
the feed and hopper. 

Feed Key 

This key provides a manual feed without reading 
the cards in the machine and is operative only when 
the calculator interlock is not turned on. 



Power On Light 

This light indicates that all voltages in the card 
reader have reached the required level. 

Ready Light 

The ready light is on whenever the calculator inter- 
lock is turned on. It indicates that the card reader 
is ready for operation under control of the 702. 

Select Light 

This light goes on when the card reader is selected 
by the 702, and remains on until another input-out- 
put unit, check indicator, or alteration switch is 
selected. 

Feed Check Light 

A card jam or failure to feed will turn on this light 
and turn off the calculator interlock. The light will 
go off after all the cards have been removed from the 
feed and hopper and the stop key has been depressed. 




Figure 56. Card Reader 
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CARD PUNCH, TYPE 722 

The card punch (Figure 57) punches cards at a 
rate of 100 cards per minute. 

When a write or write and erase instruction is 
given, the record from memory is sent to the record 
storage unit of the card punch at the high internal 
speed of the 702. The machine then continues with 
its program while the card is being punched. Infor- 
mation is punched in the same order in which it is 
sent from memory. 

The maximum record that can be punched is 80 
characters per card. Records longer than 80 char- 
acters will be punched in successive cards with a single 
write or write and erase instruction. The write status 
will be maintained and subsequent operations will be 
delayed until the last block of characters in the record 



has been entered into record storage, as indicated by 
the sensing of a record mark in memory. 

The card punch has no signal device corresponding 
to the input-output indicator of other input-output 
units. If the punch runs out of cards, it will stop 
the 702. 

Checking 

The card punch contains checking circuits which 
depend for their operation on reading the card at a 
brush station just after it is punched. This method 
of checking imposes a two-card delay so that, if a 
card is improperly punched, the printer-punch check 
indicator is not turned on until after the execution 
of the write or write and erase instruction for the 
second card following the one in error. Any reason - 
able number of card punches can be supplied. 
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Figure 57. Card Punch 
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Operating Keys and Lights 

Start Key 

This key is provided for the run-in of cards. When 
the hopper is first filled, depressing the start key- 
once causes one card to be fed to the punching sta- 
tion. A second depression turns on the calculator 
interlock, making the card punch available for oper- 
ation under 702 control. If the hopper becomes empty 
during the program, the calculator interlock is turned 
off and the card punch will not operate under 702 
control until the hopper has been refilled and the start 
key has been depressed. 

Stop Key 

Depressing this key causes the calculator interlock 
to be turned off and the card punch to stop operating. 
After a feed error, it can also be used to turn off the 
feed check light after all the cards have been removed 
from the feed and hopper. 

Feed Key 

This key provides a manual feed without punching 
the cards in the machine and is operative only when 
the calculator interlock is turned off. 

Power On Light 

This light indicates that all voltages in the card 
punch have reached the required level. 

Ready Light 

The ready light is on whenever the calculator inter- 
lock is turned on. It indicates that the card punch 
is ready for operation under control of the 702. 

Select Light 

This light is on whenever the card punch is selected 
and remains on until another input-output unit, 
check indicator, or alteration switch is selected. 

Feed Check Light 

A card jam or failure to feed will turn on this light 
and turn off the calculator interlock. The light will 
go off after all the cards have been removed from the 
feed and hopper and the stop key has been depressed. 



PRINTER, TYPE 717 

The 702 can be equipped with any reasonable num- 
ber of Printers (Figure 58) for report printing. Each 
printer, a modified IBM Type 407, has 120 print 
wheels with 47 characters each. The maximum print- 



ing speed is 1 5 lines per minute. Because each printer 
is supplied with a record storage unit, however, a rec- 
ord can be sent from memory to printer record storage 
at a speed closely approximating the high internal 
speed of the 702. When a printer is selected and a 
write or write and erase instruction is given, a record 
is sent from memory to record storage. The machine 
continues with its program as soon as record storage 
is filled and while the record is being printed. 

Information within each line is printed in exactly 
the same order in which it is received from memory. 
Therefore, all the necessary arranging of data must 
be done in memory. 

Records longer than 120 characters will be printed 
on successive lines by a single write or write and 
erase instruction. The machine will send 120 char- 
acters at a time to the printer record storage unit to 
be printed. The write status will be maintained and 
subsequent operations will be delayed until the last 
block of characters in the record has been entered into 
record storage as indicated by the sensing of a record 
mark in memory. 

Carriage Control 

Spacing and skipping for form control in the 
printer may be performed either under complete 
control of the program or under control of the car- 
riage control switch. When the 702 is under program 
control, the carriage control switch is set to program 
and the first character of each record dictates the 
type of spacing or skipping for that record. That 
character is not printed and 120 significant char- 
acters can still be printed. The following list indi- 
cates the character necessary in the first position of 
a record to perform various carriage functions: 



FUNCTION 



CHARACTER 



Suppress space & 

Single space Blank 

Double space 

Skip to channels 1 to 9 1 to 9 
of carriage tape. Printing is de- 
layed until the skip is completed. 

Short skip to channels 1 to 9. 1 to 9 with 

Skip must be "2" or less. Skip- minus zoning 

ping does not delay printing (J through R) 
under this condition 

If program control is not desired, the carriage 
control switch is set to single or double space. Under 
this condition single or double spacing will be per- 
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formed automatically on each printed line depending 
on the setting of the switch. The first character of 
the record does not in any way affect carriage oper- 
ations under these conditions. It is now an integral 
part of the record and will be printed from print 
wheel 1. Furthermore, under single or double space 
control, the sensing of channel 1 2 of the carriage tape 
will automatically cause a skip to channel 1 before 
printing the first line of the next page. Channel 12 
must be punched one line above the last desired print- 
ing position on a page in order that the input-output 
indicator may be turned on by the next write instruc- 
tion. Sensing channel 12 always leads to turning on 
the input-output indicator on a subsequent write or 
write and erase instruction, but causes an automatic 
skip to channel 1 only when the carriage control 
switch is set to single or double space. 

Otherwise, the action to be taken after turning 
on the input-output indicator is left entirely to the 
discretion of the programmer. The programmer can 
interrogate this indicator by a transfer on signal 
instruction and subsequently insert a character in 



the first position of the next record to be printed 
to cause skipping to any desired channel. The input- 
output indicator is turned off by a control 0000 in- 
struction and also by the clearing cycle occurring on 
depression of the start key. 

Form Control Key and Stop Light 

Reaching the end of paper in the printer closes 
the form stop and provides one of two modes of oper- 
ation depending on whether or not a tape is used in 
the carriage. 

When a tape is not used in the carriage, the printer 
stops when the form stop contact is closed and the 
form stop light goes on. Depressing the form control 
key once allows the printer to operate for one print 
cycle. As long as the form control key is held down, 
the printer remains available and continues to print. 

When a tape is used in the carriage, channel 1 must 
be punched as the first printing line. The printer does 
not stop when the form stop contact closes. After 
the form stop has closed and channel 1 is sensed, the 
printer stops before printing on the next form and 




Figure 58. Printer 
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the form stop light goes on. This indicates that the 
carriage has moved from one form to another. The 
operator now has two options: 

1. Manually feed new forms of paper into the 
carriage, thereby opening the form stop con- 
tact. Depress the form control key to turn 
off the form stop light and allow the printer 
to continue. 

2. Depress the form control key and thereby turn 
off the form stop light and allow the printer 
to continue until the closed form stop contact 
and channel 1 condition again stops the printer. 

This arrangement allows the operator to complete 
the printing of a form or several forms before finally 
stopping the printer and inserting additional paper. 

Checking 

The printing of information is checked by com- 
paring the print wheel echo impulse count against 
the information sent to the printer from the record 
storage unit. This is a count check of the numerical 
portion of all characters. A discrepancy will cause 
the printer-punch check indicator to be turned on 
during the execution of the next write or write and 
erase instruction involving that printer. Figure 59 
is a schematic showing the sequence of operations 
during the printing cycle. 

By selecting the printer-punch check indicator and 
transferring on a transfer on signal instruction, the 
program may be made to stop the machine after 
printing the line following the line in which the error 
occurred. 

If a character code error occurs in loading a record 
from memory into record storage, the read-write 
check indicator is turned on. By selecting this indi- 
cator and transferring on a transfer on signal in- 
struction, the printing of the line in error may be 



stopped by a control 0005 instruction. Control 0005 
suppresses printing and carriage operations. The 
program may be written to allow the record to be 
loaded again into record storage without printing 
the erroneous record. 

Operating Keys and Lights 

The operating keys and lights for the printer are 
shown in Figure 60. The remaining keys and switches 
described are for carriage control. 

Start Key 

Depressing the start key once causes the printer to 
go through a clearing cycle. The input-output indi- 
cator is turned off during the clearing cycle. Depress- 
ing this key again turns on the calculator interlock 
which makes the printer available for operation under 
control of the 702. When the calculator interlock is 
turned on, the start key is no longer operative. 

Stop Key 

This key causes the calculator interlock to be turned 
off and the printer to stop operating. It also turns 
off the input-output indicator. 



Form Control Key 



Form Control Key 

This key controls the operation of the printer when 
the form stop closes. 



Select Light 

This light goes on when the printer is selected by 
the select instruction and remains on until another 
input-output unit, check indicator, or alteration 
switch is selected. 

Ready Light 

The ready light indicates that the calculator inter- 
lock is turned on and the printer is ready for oper- 
ation under control of the 702. 




© © © © 

Figure 59. Sequence of Operation, Printer 
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Fuse 

The fuse light is turned on when a fuse is burned 
out in the printer. 

Form Stop Light 

This light indicates that the printer is running out 
of paper. 

Power-On Key and Light 

The key is depressed to supply power to the ma- 
chine. The light indicates that all voltages in the 
printer are at the required level. 

Power-Off Key 

The power-off key cuts off all power to the printer. 

Phten Clutch 

When the arrow on the knob is pointing upward, 
the platen clutch is engaged and the platen can be 
turned only by the vernier knob. When the clutch 
knob is turned to the right, the platen clutch is dis- 
engaged and the platen then can be turned manually 
by the platen knob. 

Restore Key 

When this key is depressed, the carriage is restored 
to channel 1 or home position. On the first print 
cycle thereafter, skipping may take place only to 
channels 2 through 9 of the carriage tape. Any 
attempt to skip to channel 1 or to single or double 
space will be ignored on this printing line. If the 
platen is engaged, the platen itself moves with the 
carriage. If the platen is disengaged, it will not be 
restored with the carriage. 

Stop Key 

Depression of this key stops the carriage operation 
instantly and the printer at the end of the cycle. 

Space Key 

When the printer is stopped, a form can be ad- 
vanced one space at a time by depressing this kev. 



Carriage Control Switch 

The carriage control switch has three positions: 
single space, double space, and program. 

In the single or double position, the spacing of 
the form is automatic and will be single or double 
depending on the setting of the switch. Either of these 
two positions causes the first character of a record 
to be printed. In program position the spacing of the 
form will be under the control of the first character 
of the record which in this case will not be printed. 
For automatic overflow, channels 1 and 12 of the 
carriage tape must be punched so that sensing of the 
channel 12 punch will initiate the overflow to the 
channel 1 punch. 

TYPEWRITER 

A typewriter is supplied for the 702 and can be 
used to print a portion of memory one character at 
a time. The speed of typing is approximately 600 
characters per minute. The typewriter has no record 
storage unit and prints directly from memory. All 
other operations of the machine are held up during 
the use of the typewriter. 

Special instructions to the operator, control totals, 
exception records, and so on, may be programmed by 
way of the typewriter, or the contents of any portion 
of memory may be examined by manually selecting 
the typewriter and using the write or write and erase 
instruction in the usual way. 

Sensing the right-hand margin or the record mark 
causes a carriage return and automatic spacing ac- 
cording to the setting of the space control on the 
carriage. The record mark does not print. 

Any character not on the code chart will print 
as a question mark on the typewriter. A plus zero 
and a minus zero will print as a plus sign ( + ) and 
hyphen (-), respectively. A record may be arranged 
in memory, before printing, to fit a report form. 
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MAGNETIC DRUM STORAGE UNIT, TYPE 732 

Drum storage on the 702 consists of one or more 
60,000-character drums (Figure 61), each divided 
into 300 addressable sections. Each section can store 
200 characters. The addresses 1000 and over have 
been reserved for drum section selection. The present 
four-digit addressing system of the 702 can accom- 
modate thirty drums with a total of 9000 sections 
with a total drum capacity of 1,800,000 characters. 
Drum storage of less than 60,000 characters is also 
available. The average time required to locate the 
first character position of a drum section for subse- 
quent reading or writing is 8.12 milliseconds. This is 
termed access time. Thereafter, characters can be 
read from or written consecutively on the drum at 
at a rate of one character in .040 milliseconds. 

Drum operation is initiated by a select instruction. 
The address part of the instruction specifies the drum 
section desired. Assuming a 702 had several drums, 



the following system would exist: addresses 1000- 
1299 would pertain to the sections on the first drum; 
addresses 1300-1599 would pertain to the sections on 
the second drum; addresses 1600-1899 would pertain 
to the sections on the third drum; and so on. 

After a select instruction has been given, specifying 
the drum section desired, a read, read and check, 
write, or write and erase operation may then be 
called for. 

Reading from the Drum 

During a read operation, information read from 
the drum starts with the first character of the section 
previously selected. This character is read into the 
memory location specified by the address part of the 
read instruction. Reading continues from successively 
higher drum locations into successively higher mem- 
ory addresses until the drum mark is sensed. The 
drum mark is read into memory as a record mark. 




Figure 61. Magnetic Drum Storage Unit 
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During a read and check operation, information 
read from the drum is only compared against infor- 
mation previously stored in memory. Comparison is 
made, character by character, from successively 
higher memory addresses until the drum mark is 
sensed. A check is then made to determine if the 
drum mark location corresponds to the record mark 
location in memory. Failure to find a record mark 
in the proper memory location turns on the read- 
write check indicator. 

Writing on the Drum 

During a write or write and erase operation, in- 
formation is written from memory starting at the 
address specified by the write or write and erase in- 
struction and continues to higher memory addresses 
until a record mark is sensed. Sensing the record 
mark terminates the operation and causes a drum 
mark to be emitted on to the drum after the last 
written character. 

Transferring Drum Operations 

Operation will not proceed automatically from one 
drum to the next, and any attempt either to read or 
write off the end of a drum will cause the read-write 
check indicator and the input-output indicator to be 
turned on. A subsequent read, read and check, write, 
or write and erase instruction specifying this drum 
will turn off the input-output indicator. The input- 
output indicator also may be turned off by the control 
0000 instruction. 

Both reading and writing operations associated with 
drum storage are terminated by a drum or record 
mark. Operations can therefore pass from one drum 
section to the next on the same drum until a drum 
or record mark is sensed. 



MAGNETIC TAPE UNIT, TYPE 727 

The 702 can be equipped with any reasonable num- 
ber of Tape Units (Figure 62). Information is re- 
corded on the oxide coated plastic tape in the form 
of magnetized spots. A character is represented 
transversely across the width of the tape by seven bit 
positions, including the check bit. Information is 
recorded at a longitudinal density of 200 characters 
to the inch. 

The end of the record is indicated by a % inch 
inter-record gap. Records of any length may be 



stored on magnetic tape, limited only by the memory 
facilities of the 702. 

The end of recorded information on tape is indi- 
cated by a tape mark which appears after the inter- 
record gap that follows the last record. 

Records are recorded on reels of tape 10^4 inches 
in diameter and 2400 feet long. Tape may be read 
in a forward direction or back-spaced at a rate of 
75 inches per second. Tape can be rewound at an 
average rate of 500 inches per second. It takes an 
estimated 1.2 minutes to rewind a complete reel, 
allowing for acceleration and deceleration time. 

Changing tape reels on the unit takes approxi- 
mately 1.5 minutes for loading and unloading. Re- 




Figure 62. Magnetic Tape Unit 
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flective spots are photo-electrically sensed to indicate 
the physical end of a tape and the load point. 

Certain common tape unit circuits are contained 
in a tape control unit which can handle up to ten 
tape units; the 11th to 20th tape units require a 
second control unit; and so on. 

Checking 

Information read from tape is given a character- 
by-character code check. A failure detected by this 
check turns on the read-write check indicator which 
may either stop the machine at the end of the record 
or be interrogated by a subsequent instruction. (See 
Check Indicators.) 

In addition, a horizontal check is made for an 
even number of 1 bits in each of the seven tape tracks 
for each record. This determines whether a single bit 
has been changed in reading that record. 

Seven neon indicators are provided to indicate in 
which of the seven tracks a reading failure occurred. 
A failure of this type will also turn on the read- 
write check indicator. A cross reference is provided 
with these two checks that permits single error cor- 
rection and double error detection. 

It should be noted that an error detected in reading 
a tape can cause one of two corrective measures de- 
termined by the programmer. First, the machine can 
be programmed to stop upon detecting an error. The 
operator may then intervene and make a manual cor- 
rection. Second, the program can be written to cause 
the record in error to be re-read from the tape after 
back-spacing, with the excellent probability that the 
record will read accurately the second time. 

Information written on tape will be given a char- 
acter-by-character code check at the writing head. 
A failure detected by the check will turn on the 
read-write check indicator which may be inter- 
rogated by subsequent instructions. 



Operating Keys and Lights 

Operating keys and lights are shown in Figure 63. 

Select Light 

This light is on when a select instruction specifies 
the address of the corresponding tape unit. It remains 
on until some other input-output unit, a check in- 
dicator, or an alteration switch is selected. 

Reset Key 

Depressing this key removes 702 control of the tape 
unit, resets all controls (except the input-output in- 
dicator) to their normal position, and, in general, 
will stop any tape operation which has been initiated. 

Start Key 

Depressing the start key places the tape unit under 
the control of the 702 and causes the ready light to 
be turned on provided ( 1 ) tape has previously been 
loaded into the columns, (2) the reel door interlock 
is closed, and (3) the tape unit is not in the process 
of finding the load point (rewind or load operation). 

Ready Light 

Control of a tape unit by the 702 is indicated when 
this light is on. The light is on provided the tape has 
been loaded into the vacuum columns, the reel door 
interlock is closed, and the tape unit is not in the 
process of finding the load point (rewind or load 
operation). Manual control is indicated when the 
ready light is off, provided the tape unit is not re- 
winding or loading and the reel door is shut. 

Address Selection Switch 

A rotary switch is provided to permit the operator 
to set a tape unit to any of the ten addresses associated 
with a control unit. 

File Protection Light 

This light is automatically turned on by loading 
a protected reel onto the unit. The reel protective 
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Figure 63. Tape Unit Operating Keys and Lights 
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device prevents the file from being written on by 
making it impossible to execute write or write and 
erase instructions. File protection is eliminated by 
removing the protective device from the reel. 
Load/ Rewind Key 

If the reel door is closed, depression of this key 
will cause loading of the tape into the columns and 
searching for the load point in a reverse direction. 
If the tape has been manually unloaded in the fast 
rewind section of the tape, depressing this key will 
execute a high-speed rewind before the above oper- 
ation takes place. (See Unload below.) Operation of 
the start key after the load/ rewind key has been de- 
pressed will set up the conditions necessary for auto- 
matic reversion to 702 control as soon as the load 
point is reached. The load/ rewind key is inoperative 
unless the tape unit is under manual control. 

Unload Key 

Operation of this key will remove the tape from 
the columns and raise the head cover regardless of 
the distribution of tape on the two reels. If the tape 
is not at load point when the operator wishes to 
change it, a load point search should be first initiated 
by depression of the load/ rewind key. Depression of 
the unload key will also reset the input-output indi- 
cator. This key is inoperative unless the tape unit is 
under manual control and tape is in the vacuum 
columns. 

Tape Indicator On 

The input-output indicator light is turned on when 
its corresponding indicator is turned on (on the tape 
unit last selected), by a control (0003) instruction, 
by reaching a tape mark while reading, or by reach- 
ing the physical end of tape while writing. It will 



be turned off by a control (0000) instruction or by 
depression of the unload key. 

Reel Door Interlock 

When the door is open, this interlock contact will 
prevent operation of the reel drive motors. 

Operation 

Type 702 operation of a tape unit is initiated by a 
select instruction specifying the address of the par- 
ticular tape unit desired. A subsequent read, read 
and check, write, write and erase, or control instruc- 
tion will cause that tape unit to perform the required 
operation. The sensing of a tape mark while reading 
the tape will turn on the input-output indicator 
which will remain turned on until turned off by a 
ctrl 0000 instruction, or until the unload key is 
depressed. Sensing the tape mark will not cause an 
automatic rewind of the tape. A tape mark can be 
recorded on a selected tape unit only by a ctrl 0001 
instruction. A rewind operation can be called for 
with a ctrl 0002 instruction after a select instruc- 
tion. In writing on a tape, sensing the end of tape 
by the reflective spot will cause the input-output 
indicator to be turned on. 

The input-output indicator may be turned on by 
a select instruction specifying the tape unit, followed 
by a ctrl 0003 instruction. The tape can be back- 
spaced one unit record by a similar select instruction 
followed by a ctrl 0004 instruction. It is not per- 
missible, however, to write over a record within a 
file without also modifying the remainder of the file. 

A write instruction may be followed by a back- 
space (ctrl 0004) or a rewind (ctrl 0002) oper- 
ation only if the remainder of the tape contains un- 
wanted information. 



CHECKING 



Accuracy is an essential requirement of the data- 
processing system. To meet this requirement, various 
checking devices are provided in the 702. These de- 
vices can be used entirely at the discretion of the 
programmer. Two types of checks may be made: 

1. Checks upon the handling of data within the 
machine, including the check for legitimate instruc- 
tions, overflow checks, sign checks and character code 
checks. These devices have been previously explained 
in detail in the section Check Indicators. 

2. Checks made upon the reading and writing of 
data by input-output units. These have been men- 
tioned in the section Machine Components. 

A more detailed explanation of input-output checks 
is given in this section, together with schematic dia- 
grams of operation. 

INPUT DATA 
Card Reader 

All information read from IBM cards is checked 
automatically by the 702 in two ways (Figure 64). 

1. At the first read station, the number of holes 
in each horizontal row of the card is determined to 
be odd or even. This information is stored, one row 



at a time, in a temporary storage device consisting 
of 1 2 binary triggers. Each trigger can indicate only 
one of two possible conditions, odd or even. When 
the card has passed the first station, the odd-even 
count for all 1 2 rows is transferred to a second set of 
triggers where it is retained during the next card 
cycle. The first set of triggers is then free to accept 
the row count for the following card. The informa- 
tion obtained at the first station is used only for 
checking. 

At the second read station, the entire card is stored 
in an 80 -column record storage unit. When a read 
instruction is given, the card record is converted from 
record storage to the 702 character code and is sent 
to memory. The 702 code is also reconverted to the 
IBM card code and an odd-even count is again made 
of each row. This information is stored in a third set 
of 12 triggers and is compared with the count ob- 
tained and stored when the card was read at the first 
read station. A difference in comparison turns on the 
read-write check indicator. 

2. The card record read from record storage into 
memory is given the same character-by-character 
check as that given all data handled within the ma- 
chine. An error will also turn on the read-write check 



ROW COUNT STORAGE 

FROM FIRST STATION — 

(12 BINARY TRIGGERS) 




TRANSFERRED ROW 
.COUNT FROM FIRST STATION 



CHECK 
COMPARE 



ERROR 
READ-WRITE 



CHECK INDICATOR 



(N — O — CM CO 



CONVERT 

TO 
702 CODE 



CARD READER 



*|«UkU»L ROW COUNT STORAGE 
1 11 1 'FROM SECOND STATION 



RE-CONVERT 

TO IBM CARD 

CODE 



CHARACTER 
CODE 
CHECK 



ERROR 
READ-WRITE 



CHECK INDICATOR 



("memory) 
Figure 64. Schematic, Card Input Check 



68 



CHECKING 



69 



indicator. Note that if the indicator is turned on, 
it will be after the complete card record has been 
read from record storage into memory. 

Tape Unit (Read) 

All information read from tape is automatically 
checked by the machine in two ways (Figure 65). 

1. A character code check is made on each char- 
acter of information entering memory from the tape 
unit. This is a vertical check, character by character, 
to insure that all magnetic bits on the tape have been 
sensed and transmitted correctly by the read head. 
An error turns on the read-write check indicator. 

2. An even count check is made on each of the 
seven tape channels at the end of every record. This 
is a horizontal check to insure that the entire record 
has been correctly sensed and transmitted by the read 
head. A failure turns on the read-write check indi- 
cator. Seven neon indicators are provided on the 
tape unit to show in which of the seven channels a 
reading failure occurs. Note that the read-write in- 
dicator is always turned on after the complete tape 
record has been read into memory. 



OUTPUT DATA 



Card Punch 



All punching of IBM cards by the 702 is auto- 
matically checked in two ways (Figure 66). 

1. A card record to be punched from memory 



when a write instruction is given is first converted 
from the 702 character code to the IBM card code. 
The entire record is stored in an 80-column record 
storage unit. During this operation the machine deter- 
mines whether the number of holes in each hori- 
zontal row of the card record is odd or even. The 
row count information is temporarily stored by an 
arrangement of 12 binary triggers. Each trigger can 
indicate one of the two conditions, odd or even. 
Trigger storage is identical with the storage described 
for the card reader. The row count is transferred to 
a second set of triggers where it is retained until 
the next write instruction is given. The first set of 
triggers is then free to accept a row count for the 
next record from memory. The card is punched at 
the punch station. 

When the next write instruction is given, the card 
passes the punch brushes. Again the machine deter- 
mines whether the number of holes in each horizontal 
row is odd or even. This row count of the punched 
card is also stored in the record storage unit from 
which it is transferred, one row at a time, to a third 
set of 12 triggers. The row count is compared with 
the count obtained and stored when the record was 
read from memory. An error turns on the printer- 
punch check indicator. 

2. The record to be punched is also given a char- 
acter-by-character check when transmitted to record 
storage in the same manner as for all data handled 
within the machine. An error turns on the read- 
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Figure 66. Schematic, Card Output Check 



write check indicator. It is important to note that 
the read-write check indicator is turned on before 
the card record is punched. If the indicator is inter- 
rogated by a transfer on signal instruction imme- 
diately following the write instruction, punching 
can be prevented by a control 0005 instruction. 
Record storage can then be reloaded with the same 
record and another trial for error can be carried out. 
Punching can be prevented until record storage is 
correctly loaded. 

The printer-punch check indicator is turned on 
after the card in error has passed the brush station. 



Printer 

All printing of information from the 702 is checked 
in two ways (Figure 67). 

1. The record to be printed from memory is con- 
verted from the 702 character code to IBM card code 
and is stored in a 120-character record storage unit. 
A horizontal row count is taken for the numerical 
portion of the entire record. The result is stored by 
1 1 binary triggers. Each trigger indicates one of two 
conditions, odd or even, for each row of impulses 
making up the characters for the entire record. Nine 
triggers store the count for the rows one through 
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Figure 67. Schematic, Printing Check 
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nine; two store the count for special characters. The 
record is then printed from record storage as one line 
of characters on the report form. 

The characters printed are read back from the 
printer by sensing the position of each print wheel 
during the print cycle. A row count of the impulses 
from the numerical characters in the printed record 
is determined and the result is stored as odd or even 
by 1 1 triggers. A comparison is made with the count 
obtained and stored when the record was read from 
memory. A difference in comparison turns on the 
printer-punch check indicator. 

2. The record to be printed is also given a char- 
acter-by-character code check when it is transmitted 
to record storage in the same manner as for all data 
handled within the machine. An error in this trans- 
mission turns on the read-write check indicator. 

It should be noted that the read-write check indi- 
cator turns on when an error is detected from memory 
to record storage. If the indicator is interrogated by 
a transfer on signal instruction immediately following 
the write instruction, printing can be delayed by a 
control 0005 instruction. Record storage can then 
be reloaded for a second trial for printing. This 
corresponds to a printing delay when a write instruc- 
tion is given to the card punch. Printing can be 
prevented until record storage is correctly loaded. 



The printer-punch check indicator is turned on by 
a printing error during the execution of the next 
write instruction involving that printer. 

Tape Unit (Write) 

All information written on tape is also auto- 
matically checked by the 702 (Figure 68). 

Records read from memory to tape are transmitted 
directly through the tape control unit to the write 
head. The records are written as magnetized spots 
in the 702 character code in the seven tape channels 
(Figure 36). While a record is being written, an 
odd-even check is made of the total number of mag- 
netized bits in each separate channel. At the end of 
every record an extra bit is inserted where necessary 
to make the total count in each channel even. The 
even-bit notation is used in checking whenever the 
tape record is read. 

The impulses to the write heads from memory are 
returned to a register in the control unit in the same 
pattern in which they were received. From there they 
are transmitted back to the 702. The same character- 
by-character check is given these "echo" impulses as 
is given all data handled within the machine. 

An error turns on the read-write check indicator 
after the execution of the write instruction. 
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Figure 68. Schematic, Tape Output Check 



OPERATING TIME 



The time that the 702 requires to process informa- 
tion depends on the length of the fields involved and 
the number and types of instruction used in the 
program. 

The instructions are classified below into six cate- 
gories. The timing for each classification is given in 
milliseconds (1 millisecond = l/l 000 second). 

Class 1 

Each instruction in this class takes 0.138 milli- 
seconds, the time to read and interpret the instruction. 
It should be noted that the time required for the 
transfer instructions is the same whether or not the 
transfer is effected. The instructions included are: 



TR 

TR PLS 
TR ZERO 
TR HI 
TR EQ 



TR SIG 
STOP 
NO OP 

SEL 



Class 2 

Each instruction in this class takes 0.138 + ,0232V 
milliseconds. The instructions are: 



R ADD 

R SUB 

COMP 

LOAD 

UNLOAD 

STORE 



ADD 

SUB 

ADD MEM 

ST PR 

SIGN 



In the case of r add, r sub, comp, load, unload, 
store, add, and sub, N refers to the number of 
characters in the accumulator storage after the in- 
struction has been completed. For the instruction 
add mem, N is the number of characters in the result. 
For the instruction st PR, N is equal to the number 
of characters in accumulator storage plus the number 
of punctuation marks in the result, plus the number 
of zeros blanked, plus one. For the instruction sign, 
N is equal to two. 

When it is necessary to recomplement the result 
of the instructions add, sub, and add mem, the time 



for the execution of these instructions is increased by 
.023 (»+l), where n is the number of characters 
in the result. Therefore, the total time, if recom- 
plementation is necessary, is given by 0.138 + .023 
(2»+l). 

Recomplementation is necessary when the operation 
is addition with unlike signs or subtraction with like 
signs and when the factor in the accumulator storage 
is greater in absolute value than the factor in memory. 

Figure 69 is a chart which may be used as an aid 
to calculating operating time for the instructions in 
Class 2. 

Class 3 

This classification includes mpy and div. 
The time required for a multiplication is given by 
the expression 

N p (N e + 4) + 1 .023 + .115 milliseconds 
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Figure 69. Time Required to Execute R ADD, R SUB, 
COMP, LOAD, UNLOAD, STORE, ADD, SUB, SET L 

N is the number of characters in accumulator storage 
after the instruction is completed. 
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Figure 70. Time Required to Execute 
Multiply Instruction 

Nc is the number of characters in the 
multiplicand (memory field). 
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where N p is the number of digits in the multiplier 
(accumulator storage field) and N e is the number 
of digits in the multiplicand (memory field) . 

The time required for a division depends upon the 
number and numerical value of the digits involved. 
The following expression for computing division time 
is based on an average digit value of 4.5. 

.023 [lO + N D + (N D - N B ) (7.5K + 15)1+ .115 
where 

N D = Number of digits in the dividend 
Nr = Number of digits in the divisor 
K= N R itN R >8 

= N B + .005 (8 - N B ) [(N r <8 

Figures 70 and 71 may be used to simplify the 
estimating of multiplying time. Figures 72 and 73 
may be used for division. 
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Figure 72. Time Required to Execute 
Divide Instruction 

Nq is the number of digits in the quotient (number 
of digits in the dividend minus number of digits in the 
divisor) . 



Class 4 

The time required to perform the shift instructions 
is determined as follows: 

The set l instruction takes .138 + .023 iV milli- 
seconds to perform, where N is the number of char- 
acters in the final field. The shor instruction takes 
.161 + .023 N milliseconds, where N is the number 
of characters to be dropped. The leng instruction 
takes .161 + .023iV milliseconds, where N is the 
number of zeros to be added. 

The round instruction takes .207 + .023 N milli- 
seconds, where N is the number of characters to be 
dropped. 

The norm tr instruction takes .161 + .023 N 
[milliseconds, where N is the number of digits in the 
original field. 

Class 5 

The time required for the ctrl instruction depends 
on the feature being controlled. 

CTRL 0000 — .184 milliseconds. Turn off input-out- 
put indicator. 
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Figure 73. Time Required to Execute 
Divide Instruction 

Nq is the number of digits in the quotient (number 
of digits in the dividend minus number of digits in the 
divisor). 



ctrl 0001 — 10.14 milliseconds. Record the tape 
mark. 

ctrl 0002 — .151 milliseconds. Rewind the tape. 
(This does not include the rewind 
time.) 

ctrl 0003 — .151 milliseconds. Turn on the input- 
output indicator. 

ctrl 000-4 — 60 + .067N milliseconds, where N is 
the number of characters in the rec- 
ord being back-spaced. 

ctrl 0005 — .184 milliseconds. Stop printing or 
punching. 

Class 6 

The time required to perform the instructions 
read, r chk, write and wr er from and to the 
various input-output units is indicated below. 

For card record storage, read, r chk, write or 
wr er requires .171 + .0335.2V milliseconds. For the 
instructions read and R chk, N is the number of 
characters read and should always equal 80. There- 
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Figure 74. Time Required to Execute WRITE and 
VR ER to Card Record Storage 



fore, the time for these two instructions is equal to 
2.85 milliseconds. For the instructions write and 
wk er, N is the number of characters written plus 
one. Figure 74 shows the time required to execute 
these instructions for card record storage. 

For magnetic drum storage, read, r chk, write or 
wr er requires 8.12 + .0402V milliseconds, where N 
is the number of characters read or written. Figure 75 
shows the time required to execute these instructions 
for drum storage. 

For magnetic tape storage, read, r chk, write or 
wr er requires 10.14 + .067N milliseconds, where 
N is the number of characters read or written. Fig- 
ure 76 shows the time required to execute these in- 
structions for tape storage. 

Input-Output Units 

The maximum repetition rates for successive rec- 
ords for the card reader, card punch, and printer 
are as follows: 

Card Reader — 250 cards per minute; 240 milli- 
seconds. 

Card Punch — 100 cards per minute; 600 milli- 
seconds. 

Printer — 150 lines per minute; 400 milliseconds. 

The typewriter will print successive characters at 
a rate of about 600 characters per minute. 
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Figure 76. Time Required to Execute READ, 
R CHK, WRITE, WR ER on Magnetic Tape 



INDEPENDENT OPERATION 



This section of the manual describes the various 
auxiliary machines that are readily available using 
standard 702 input-output units. Tape units, card 
punches, card readers, and printers can be so con- 
nected as to provide independent machines that can 
perform many operations not requiring the logical 
ability of the 702. 

CARD-TO-TAPE CONVERTER 

The card reader and its associated control unit may 
be attached directly to a tape unit to record data 
punched in IBM cards on magnetic tape. The speed 
of recording is 250 cards per minute. 

The punched card information is recorded on tape 
in 80-character records regardless of the number of 
card columns punched. Unpunched columns of the 
card are recorded as blank characters on tape. Infor- 
mation is recorded on tape in the same order in which 
it is read from the cards. 

Operation 

To accomplish a card-to-tape conversion, a tape 
unit is connected by cable to a card reader and its 
associated control unit. The tape is put in the tape 
unit and the door closed. Depression of the tape unit 
load-rewind key will feed the tape into the vacuum 
columns and take it to the load point. Depressing the 
start key will then turn on the ready light. 

Once the ready status has been established in the 
tape unit, the card reader may be operated. Cards 
are placed in the hopper and the start key is depressed 
once to run in the cards. A second depression of the 
start key causes the card-to-tape conversion to begin. 

When the end of the tape is reached, the opera- 
tion is stopped. The cards should be removed from 
the hopper and the start key depressed to record the 
last two cards in the feed on tape. A tape mark is 
automatically recorded after the last card. The tape 
can be rewound by depressing the load-rewind key. 
The tape can be removed from the columns by de- 
pressing the unload key and taking off the reel. The 
operation should be resumed by repeating the normal 
starting procedure. 

When the end of the card file is reached, the opera- 
tion is concluded by depressing the start key and 



recording the last two cards in the feed. A tape 
mark is automatically recorded after the last record. 

Recording 

All standard punched card characters will be re- 
corded on tape as indicated by the character code 
chart (Figure 77). The following card punches will 
be recorded as indicated: 



CARD 

Zone 11, numerical 
Zone 12, numerical 
Zone 0, numerical 2 and 8 



TAPE 



■+■ 


Record Mark 



Checking 

Information read from the cards is checked by 
comparing an odd-eVen row count of the holes made 
at the first reading station against a similar count of 
the twelve bit-coded characters coming from record 
storage. If a discrepancy is detected by this check 
the machine is stopped after recording the erroneous 
record on tape, and the read-check light is turned on. 

A check of the echo impulses of the write head is 
made to detect errors in the writing circuits. A dis- 
crepancy revealed by this check stops the machine 
after the record has been recorded on tape and turns 
on the write check light. 

In either of the above cases, the reset key on the 
control unit must be depressed to restore the checking 
circuits to normal. To re-read the card in question and 
rewrite the record on tape, the tape must be back- 
spaced one unit record by depressing the back-space 
key on the control unit. The cards must be removed 
from the hopper and the feed key must be depressed 
to run out the cards in the feed. The last four cards 
out must be inserted in the hopper with the remain- 
ing hopper cards on top of them. The operation can 
then be resumed by depressing the start key. 

Controls 

The standard card reader and tape unit controls 
are available on these units. In addition, the follow- 
ing controls are available on the Card Reader control 
unit for use principally on a card-to-tape operation. 
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Back-Space Key 

The back-space key, when depressed, back-spaces 
the tape one record for each depression. Records 
which have been recorded incorrectly may be back- 
spaced and rewritten. 

Reset Key 

Depressing the reset key resets the check circuits 
and allows normal operation. 

Read-Check Light 

The read-check light is turned on when a card 
reading error is detected. 

Write-Check Light 

The write-check light is turned on when a writing 
circuit error is detected. 

Prepare to Read Light 

This light, when on, indicates that the reader has 
received a read instruction from the arithmetic and 
logical unit and has not yet executed it. 

TAPE-TO-CARD CONVERTER 

The card punch and its associated control unit may 
be attached directly to a tape unit to convert mag- 
netic tape records into punched card records. 

Records of 80 characters or less may be punched 
at a speed of 100 cards per minute. Records longer 
than 80 characters may cause an error indication and 
should not be used. Informaton is punched in the 
cards in the same order in which it is read from tape. 

Operation 

The tape unit is prepared for the operation first 
by putting in the proper reel of tape and closing the 
cover. Depressing the load-rewind key brings the tape 
automatically to the starting point. Subsequently 
depressing the tape unit start key turns on the ready 
light. 

When the ready status has been established in the 
tape unit, the cards are placed in the card punch 
hopper and the start key is depressed twice to begin 
the operation. 

When a tape mark is sensed, the operation is 
stopped. Normally, the reel should be rewound at 
this time by depressing the load-rewind key. The tape 
is removed from the vacuum columns by depressing 
the unload key and the reel may then be removed 
from the unit. Another reel can be loaded onto the 



unit and fed to the starting point by depressing the 
load-rewind key. The tape unit start key is depressed 
and operation is resumed by depressing the card punch 
start key twice. 

After the last reel of tape has been recorded, the 
cards are removed from the card punch hopper and 
the remaining cards are run out of the feed by de- 
pressing the feed key on the card punch. 

Checking of Reading 

Information read from tape is given a character- 
by-character code check. In addition, a horizontal 
check for an even number of 1 bits in each of the 
seven tape tracks is made for each record to deter- 
mine whether a single bit has been changed in any 
track in reading a record. A failure detected by either 
of these two methods stops the machine before punch- 
ing the erroneous record and turns on the read-check 
light on the control unit. 

To re-read the record in question after detecting 
a reading error, the tape may be back-spaced one 
record by depressing the back-space key on the con- 
trol unit. The reset key must then be depressed to turn 
off the error indication. Depressing the restart key 
on the control unit now causes the card punch to 
execute a clearing cycle. On the clearing cycle a 
card is fed but not punched and record storage is 
cleared. The operation is then automatically resumed 
with the same tape record being re-read into record 
storage. 

If, upon detecting a reading error, the record is not 
to be read, the reset key must be depressed to turn off 
the error indication. The restart key must then be 
depressed to resume operation. In this event no clear- 
ing cycle occurs and the record in record storage is 
punched. 

Checking of Punching 

The punched cards are checked at a brush station, 
located one card width from the punching station. 
The check is an odd-even row count of the holes 
which is matched against a similar count of the 12 
bit-coded characters going into record storage. 

A discrepancy in a card is indicated by the turning 
on of the punch-check light after the following card 
has already been punched and the second record fol- 
lowing has already been read into record storage. 
Therefore, to re-read the record in error, it is neces- 
sary to back-space the tape three records by de- 
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pressing the control unit back-space key three times. 
The reset key on the control unit should then be de- 
pressed to turn off the error indication. Depressing 
the restart key on the control unit causes a card to 
be fed but not punched, the record storage to clear, 
and the operation to resume. Therefore, a blank card 
is fed and two cards are repunched. The blank card 
and the two cards preceding it should be removed by 
the operator. 

Punching 

The numerical, alphabetic and symbol characters 
are punched in the standard IBM card code. The fol- 
lowing characters are punched as indicated. 

Tape Character Card Punching 

Zone 11, numerical 

-t- 

Zone 12, numerical 

Record Mark Zone 0, numericals 2 and 8 

Character Code Error Blank 

Controls 

The standard card punch and tape unit controls 
are available on these units. The following controls 
are available on the card punch control unit princi- 
pally for use in a tape-to-card operation. 

Back-Space Key 

The back-space key, when depressed, back-spaces 
the tape one record for each depression. Records that 
have been read erroneously may be back-spaced and 
re-read. 

Reset Key 

The reset key is used to reset the check circuits and 
permit normal operation. 

Punch-Check Light 

The punch-check light is turned on when a dis- 
crepancy is revealed by the check performed on 
punching. 

Read-Check Light 

The read-check light is turned on when a char- 
acter code error is detected in reading a tape record. 

Restart Key 

Depressing the restart key resumes the punching 
operation after an error has been detected and the 
error indication has been turned off. If the tape has 
been back-spaced to re-read the records in question, 
depressing the restart key causes the card punch to 



execute a clearing cycle, after which the operation 
is automatically resumed. 

Write Condition Light 

This light indicates that characters are being stored 
in record storage during either a regular or inde- 
pendent operation. 

TAPE-CONTROLLED PRINTER 

The printer and its associated control unit may be 
attached directly to a tape unit to provide an addi- 
tional means of printing information recorded on 
magnetic tape. Information will be printed in the 
same order in which it is read from tape at a speed 
of 1 5 lines per minute. 

Records of 120 characters or less may be printed. 
Records of 121 characters may be read with the car- 
riage control switch at program. Tape records in 
excess of 121 characters may cause a machine stop or 
an error indication and therefore should not be used. 

The automatic carriage is provided with com- 
pletely flexible control for form spacing through the 
carriage control switch and the first character of the 
tape record. If the carriage control switch is set to 
program, the spacing and skipping operations will 
be governed by the first character of each tape record. 
With the switch set to single or double, carriage 
spacing for each line will automatically be single or 
double and the first character of each tape record 
will be printed. 

Operation 

The tape unit is prepared for the operation first 
by putting in the proper reel and closing the cover. 
Depressing the tape load-rewind key brings the tape 
automatically to the starting point. Depressing the 
tape unit start key then turns on the ready light on 
the tape unit. 

The printer is then made ready by inserting the 
proper paper form, by inserting a carriage tape if 
any is required, by restoring the carriage to channel 
1, and by setting the carriage control switch. Depress- 
ing the printer start key once will cause a clearing 
cycle. A second depression will turn on the calculator 
interlock and start the printing operation. 

Checking of Reading 

Information read from tape is given a character- 
bv-character even count character code check. In 



NDEPENDENT OPERATION 



79 



addition, a horizontal check for an even number 
of 1 bits is made for each of the seven tape tracks 
for each record. This determines whether a single 
bit has been changed in any track in reading a record. 
A failure detected by either of these two methods 
will stop the machine before printing the erroneous 
record and turn on the read-check light on the con- 
trol unit. 

To re-read a record found to be in error, the tape 
may be back-spaced one record by depressing the 
back-space key on the control unit. The reset key 
must then be depressed to reset the error indication. 
Depressing the restart key on the control unit will 
now cause the printer to execute a clearing cycle. 
On the clearing cycle the erroneous record is removed 
from record storage and no printing or carriage 
spacing occurs. The operation is then automatically 
resumed with the same tape record being re-read into 
record storage. 

If it is not necessary to re-read the record when a 
reading error is detected, the reset key is depressed to 
resume operation. In this event, no clearing cycle 
occurs and the record in record storage will be printed. 

Checking of Printing 

The printing of information is checked by com- 
paring the print wheel echo impulse count against the 
information sent to the printer record storage. This 
is a row count check of the numerical portions of all 
characters. A discrepancy revealed by this check will 
stop the machine after printing the record in error 
and will turn on the printer check light on the con- 
trol unit. 

Should a printing error be detected, the erroneous 
record will have been printed and the next record will 
be in record storage at the time the machine stops. 
Therefore, to reprint the erroneous record, the tape 
must be back-spaced two records by two depressions 
of the back-space key. The reset key must then be 
depressed to reset the error indication. Depressing the 
restart key will cause a clearing cycle, after which 
the two tape records will be re-read and normal oper- 
ation will be resumed. If the record in error is not 
to be reprinted, depressing the reset key and the re- 
start key will resume operation. 

Printing 

All the characters in the character code chart will 
be printed as indicated except for the following: 



Character How Printed 
& 



Record Mark Z 

Tape Mark Not printed 

Character Code Errors Blank 

Controls 

The standard tape unit and printer controls are 
available on these units. In addition, the following 
controls on the printer control unit are used prin- 
cipally for the tape-controlled printer operation. 

Back-Space Key 

Depression of the back-space key causes the tape 
involved in the tape-controlled printer operation to 
be back-spaced one unit record. Successive depres- 
sions of this key will cause the tape to be back-spaced 
one record for each depression. 

Reset Key 

Depressing the reset key turns off any check indi- 
cators and the associated lights that were turned on 
by the detection of an error. The reset key must be 
depressed after an error has been detected before 
operation can be resumed. To re-read a record in 
question, the reset key should be depressed after the 
back-space operation has been performed. 

Restart Key 

Depressing the restart key resumes the printing 
operation after an error has been detected and the 
error indication has been turned off. 

If the tape has been back-spaced to re-read the 
record in question, depression of the restart key will 
cause a printer clearing cycle, after which operation 
will be continued. 

Write-Check Light 

If a discrepancy is detected by the printer echo 
check, the machine is stopped after printing the 
record and the write check light is turned on. 

Read-Check Light 

If a character code error is detected in reading a 
tape record, the machine is stopped after reading that 
entire record and the read check light is turned on. 

Write Condition Light 

This light indicates that characters are being stored 
in record storage during either a regular or auxiliary 
operation. 



CHAR. 
& 


c 



6A 

1 
11 


TiT 

0000 


CHAR. 


c 
1 


BA 842. 
1 III 

10 0000 


CHAR. 

Blank 


C BA 


8421 

III 

0000 


Ace. and 
Drum Mark 
00 0000 


A 


1 


11 


0001 


J 





10 0001 


/ 


01 


0001 


CH. 
1 


C BA 8421 
1 00 0001 


B 


1 


11 


0010 


K 





10 0010 


S 


01 


0010 


2 


1 00 0010 


C 





11 


0011 


L 


1 


10 0011 


T 


1 01 


0011 


3 


00 0011 


u 

;= d 
iij 


1 


11 


0100 


M 





10 0100 


U 


01 


0100 


4 


1 00 0100 _. 


< E 

T 





11 


0101 


N 


1 


10 0101 


V 


1 01 


0101 


5 


00 0101 - 


a. 
-j F 





11 


0110 


O 


1 


10 0110 


W 


1 01 


0110 


6 


LU 

00 0110 5 

-> 


G 


1 


11 


0111 


P 





10 0111 


X 


01 


0111 


7 


1 00 0111 z 


H 


1 


11 


1000 


Q 





10 1000 


Y 


01 


1000 


8 


1 00 1000 


1 





11 


1001 


R 


1 


10 1001 


Z 


1 01 


1001 


9 


00 1001 


Plus 



,Z 



sro 
11 


1010 


Minus 
1 


Zero 
10 1010 


Record Mark 

1 01 1010 


N 



jmerical Zero 
00 1010 


<%' 


1 


11 


1011 


$ 





10 1011 


/ 


01 


1011 


I 


1 00 1011 


a.Un 





11 


1100 


* 


1 


10 1100 


% 


1 01 


1100 


@ 


00 1100 






















Tape Mark 
00 1111 



Figure 77. Character Code Chart 
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Instruction 


Oper. 
Part 


From 


To 


Remarks 


Limiting Factor 


Time in Milliseconds 


Page 


ADD 


G 


Mem. 


Ace. 


Result in accumulator 


Non-num. char, in mem. 


.138 + .023N 


20 


ADD MEM 


6 


Ace. 


Mem. 


Signed memory field - algebraic addition 

Unsigned mem. field - non-algebraic and zone addition 


Non-num. char, in mem. 
Accumulator mark 


•138 + .023N 
.138 + .023N 


29 


COMP 


4 






Accumulator with memory 


Accumulator mark 


.138 + .023N 


26 


CTRL 0000 


3 






Turn off input-output indicator 




.184 


35 


GTEL 0001 


3 






Record tape mark 




10.14 


35 


CTRL 0002 


3 






Rewind tape unit 




.151 + rewind time 


35 


CTRL 0003 


S 






Turn on input-output indicator 




.151 


35 


CTRL 0004 


3 






Back space tape one record 




60.00 +.067N 


35 


CTRL 0005 


3 






Prevent printing or punching erroneous information 




.184 


35 


DIV 


W 






Dividend in ace. ; divisor in mem. ; Quotient in ace. 


Non-num. char, in mem. 


Refer to chart 


23 


LENG 


D 






Add zeros to right 




.161 + .023N 


24 


LOAD 


8 


Mem. 


Ace. 


Loads zones as well as numbers 


Accumulator mark 


.138 + .023N 


26 


MPY 


V 






Multiplier ace. ; multiplicand mem. ; product ace. 


Non-num. char, in mem. 


Refer to chart 


22 


NO OP 


A 






No operation 




.138 


51 


NORM TR 


X 






Left-hand zero in accum. causes transfer. Zero deleted 




.161 + .023N 


50 



READ 



Input Mem. From tape to memory 

From card read to memory 
From drum to memory 



%." inter-record gap 
80 columns 
Drum mark 



10.14 + 
.171 + 
8.12 + 



.067N 
0335N 
.040N 



R OHK I Input Mem. Compare card record with memory 

Output Mem. Compare tape with memory 
Output Mem. Compare drum with memory 



WRITE 



80 columns 

%" inter-record gap 

Drum mark 



.171 + 

10.14 +. 

8.12 + 



.0335N 

.067N 

•040N 



Mem. Output From memory to tape 

From memory to card punch or printer 
From memory to drum 



Record mark 
Record mark 
Record mark 



10.14 +.067N 
.171 + .0335(N + 1) 
S.12 +.040N 
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R ADD 


H 


Mem. 


Ace. 


Resets aceum., adds from memory 


Non-num. char, in 


mem. 


.138 + .023N 


19 


RSUB 


Q 


Mem. 


Ace. 


Resets accum., subtracts from memory 


Non-num. char, in 


mem. 


.138 + .023N 


19 


ROUND 


E 






Drop positions from right and % adjust 






•207 + .023N 


22 


SEL 


2 






Select input, output, alter sw. or check indicator 






.138 


9 


SETL 


B 






Place accumlator mark as indicated by address 






.138 + .023N 


24 


SHOR 


C 






Drop positions from right 






.161 + .023N 


24 


SIGN 


T 






Remove zone 11, 10, or 01 from memory, place & 
or — in accumulator 






.138 + .023N 


29 


STOP 


J 






Stop machine 






.138 


37 


STORE 


F 


Ace. 


Mem. 


Store numerical field in memory 


Accumulator mark 




.138 + .023N 


20 


ST PR 


5 


Ace. 


Mem. 


Store field for printing. Consider decimals, commas. 


Accumulator mark 




.138 + .023N 


44 


SUB 


P 


Mem. 


Ace. 


Result in accumulator 


Non-num. char, in 


mem. 


.138 + .023N 


21 


TR 


1 






Unconditional transfer 






.138 


13 


TREQ 


L 






Transfer if accum. is equal to memory 






.138 


27 


TRHI 


K 






Transfer if accum. is higher than memory 






.138 


27 


TRPLS 


M 






Transfer if accumulator is plus 






.138 


37 


TRSIG 









Transfer if indicator is on 






.138 


37 


TRZRO 


N 






Transfer if accumulator is zero 






.138 


37 


UNLOAD 


7 


Ace. 


Mem. 


Unload zones and numbers 


Accumulator mark 




.138 + .023N 


26 



13 



WRER 



Output Replace each char, in mem. with blank 
To card punch or printer 
To tape 
To drum 



Record mark 
Record mark 
Record mark 



.171 + . 0335 (N + l) 
10.14 +.067N 
8.12 +.040N 
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ADDRESS DATA 

Memory 
Card Readers 
Tape Units 
Card Punches 
Printers 
Typewriter 

Drum Section 
Alteration Switches 
Instruction Check Indicator 
Machine Check Indicator 
Read-Write Check Indicator 
Printer-Punch Cheek Indicator 
Overflow Check Indicator 
Sign Check Indicator 



0000 - 9999 
0100 - 0199 
0200 - 0299 
0300 - 0399 
0400 - 0499 
0500 - 0599 

1000 - 9999 
0911 - 0919 
0900 
0901 
0902 
0903 
0904 
0905 



CARRIAGE CONTROL CHARACTERS 



Suppress Space 

Single Space 

Double Space 

Skip to Channels 1-9 

Short Skip to Channels 1-9 



Blank 


1-9 
J-R 



Figure 78. Operation Chart 
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INDEX 



Page 

AAC, Operator's Console • 54 

Accumulator A, B 5 5 

Accumulator Address Counter 18 

Accumulator B, designation of 1 7 

Accumulator B, Operator's Console 5 5 

Accumulator Counter SPC A, Operator's Console 54 

Accumulator Counter SPC B, Operator's Console 54 

Accumulator Mark 17 

Accumulator Sign 18 

Accumulator Storage 17 

Accumulator Storage Selector Switch, Operator's Console 56 

Add Instruction 20 

Add to Memory Instruction 29 

Addition 19 

Addition, program explanation 20 

Address 6, 8 

Address, Check Indicators 33 

Address, Drum Storage 41 

Address, Machine Components 9 

Address Part 9 

Address Selector, Operator's Console 57 

Address Selection Switch, Tape Unit 66 

Alphamerical Instructions 2 5 

Alteration Switches, Operator's Console 55 

Arithmetic and Logical Unit 1 7 

Arithmetic Instructions 17 

Automatic Stop 33 



Back-Space Key, card to tape 

Back-Spact Key, tape-controlled printer.. 

Back-Space Key, tape to card 

Balance Forward 

Balance Forward, program explanation 



Card Punch 

Card Reader 

Card-to-Tape Conversion 

Card to Tape, program 

Carriage Control, Printer 

Carriage Control Switch, Printer 

Cathode Ray Tube Storage 

Character Code Chart 

Character Code System 

Character Register 1 Code Check, Operator's Console. 
Character Register 2 Code Check, Operator's Console 

Check Indicator Switches, Operator's Console 

Check Indicators 

Check Stops, Operator's Console 

Checking, Card Punch 

Checking, Card Reader 

Checking, Card to Tape 

Checking, input-output data 

Checking, Printer 

Checking, Tape Unit 

Checking of Printing, Tape-Controlled Printer 

Checking of Punching, Tape to Card 

Checking of Reading, Tape to Card 
Checking of Reading, Tape-Controlled Printer 

Clear Memory, Operator's Console 

Collating Sequence 

Compare Instruction 

Control 0000 

Control 0001 

Control 0002 

Control 0003 

Control 0004 

Control 000 5 

Controls, Card to Tape 

Controls, Tape-Controlled Printer 

Controls, Tape to Card 

Crossfooting - 



77 
79 
78 
29 
30 



14, 59 

11, 57 

11, 76 

14 

60 

63 

6 

80 

31 

55 

5 5 

56 

33 

55 

59, 69 

57, 68 

76 

68 

62, 70 

66, 69, 71 

79 

77 

77 

78 

54 

26 

26 

3 5 

3 5 

3 5 

3 5 

3 5 

3 5 

76 

79 

78 

21 



Page 

Display, Operator's Console 56 

Divide Instruction 23 

Division 23 

Division, program explanation 24 

Drum Mark 41 

Drum Search 42 

Drum Search, program explanation 43 

Drum Section 41 

Drum Storage 41 

Drum Storage Unit 64 

Electrostatic Memory 6 

End of File and Error Correction 37 

Equal Indicator 18 

Execution of Instructions 52 

Execution Time 5 2 

Feed Check Light, Card Reader 5 8 

Feed Check Light, Card Punch 60 

Feed Key, Card Reader 5 8 

Feed Key, Card Punch 60 

Field Location in Memory 17 

File Protection Light, Tape Unit 66 

Form Control, Printer 61 

Form Control Key, Printer 62 

Form Stop Light, Printer 63 

Gross Pay Calculation 24 

Gross Pay Calculation, program 25 

Half Adjustment 22 

Half Multiply Step, Operator's Console 56 

High Indicator 18 

Improper Character, IC 4, Operator's Console 5 5 

Independent Operation 76 

Input Output Indicator, Card Reader 34 

Input Output Indicator, Drum 3 5 

Input Output Indicator, Printer 34 

Input Output Indicator, Tape Unit 3 5 

Instruction Check Indicator 33 

Instruction Check Lights, Operator's Console 5 5 

Instruction Counter 52, 54 

Instruction, execution of 8, 52 

Instruction, parts of 8, 9 

Instruction Storage 9 

Instruction Time 52 



Keyboard, Operator's Console ... 

Lengthen Instruction 

Load Instruction 

Load Rewind Key, Tape Unit . 



57 

24 
26 
67 



Data, Transmission of 

DC On-Off, Operator's Console. 



7 
55 



Machine Check Indicator 34 

Machine Stop, Operator's Console 56 

Master Off, Operator's Console 55 

Memory Access Speed 7 

Memory Address Counter 52, 54 

Memory Address Register, Operator's Console 54 

Memory Display, CR 1, Operator's Console 5 5 

Memory Drawers 7 

Multiplication 22 

Multiplication, program explanation 22 

Multiply Instruction 22 

No Operation Instruction 5 1 

No Response Signal, Operator's Console 55 

Non-Numeric IC 1 2 3, Operator's Console 55 

Normal Off, Operator's Console 5 5 

Normalize and Transfer Instruction 5 
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Operation Check, Operator's Console 

Operation Time 

Operation, Card to Tape 

Operation Chart 

Operation Decoder, Operator's Console 

Operation Part 

Operation Register 

Operation, Tape Unit 

Operation, Tape to Card 

Operation, Tape-Controlled Printer 

Overflow Check Indicator 

Operator's Console 

Payroll, Gross to Net, program explanation.. 

Platen Clutch, Printer 

Plus Indicator 

Power Off, Printer 

Power On, Operator's Console 

Power On, Printer 

Power On Light, Card Reader 

Power On Light, Card Punch 

Power On Light, Printer 

Prepare to Read Light, Card to Tape 

Printer 

Printer Punch Check Indicator 

Program, basic steps 

Program, preparation of , 

Punch Check Light, Tape to Card 

Punching, Tape to Card 



Page 

5 5 

72 

76 

81 

5 3 

9 

.52, 54 

67 

77 

78 

34 

53 



3 8 

63 

18 

6} 

5 5 

63 

5 8 

60 

63 

77 

.16, 60 



34 
11 



78 
78 



Read and Check, instruction 

Read and Check, sub-routine 

Read and Check, program explanation 

Read Check Light, Card to Tape 

Read Check Light, Tape-Controlled Printer 

Read Check Light, Tape to Card 

Read Instruction 

Read-Write Check Indicator 

Read-Write Heads 

Reading 

Reading from Drum 

Ready Light, Card Reader 

Ready Light, Card Punch 

Ready Light, Printer 

Ready Light, Tape Unit 

Record Arrangement for Printing 

Record Gap 

Record Length 

Recording, Card to Tape 

Record Storage, Card Reader 

Reel Door Interlock, Tape Unit 

Regeneration 

Reset, Operator's Console 

Reset and Add Instruction 

Reset and Subtract Instruction 

Reset Key, Card to Tape 

Reset Key, Tape-Controlled Printer 

Reset Key, Tape to Card 

Reset Key, Tape Unit 

Restart Key, Tape-Controlled Printer 

Restart Key, Tape to Card 

Restore Key, Printer 

Round Instruction 



45 

45 

47 

77 

79 

78 

12 

34 

.12, 13 

7 

64 

5 8 

60 

62 

66 

44 

12 

8 

76 

57 

67 

6 

57 

19 

19 

77 

79 

78 

66 

79 

78 

63 

22 



Select Light, Card Reader 

Select Light, Printer 

Select Light, Tape Unit 

Select Register 

Sequence Checking 

Sequence Checking, program explanation 

Set Left Instruction 

Shorten Instruction 

Sign Check Indicator 

Sign Instruction 

Signed Fieid 

Signing Fields 

Space Key, Printer 

Start, Automatic, Operator's Console 

Start Key, Card Punch 

Start Key, Card Reader 

Start Key, Printer 

Start Key, Tape Unit 

Starting Point Counter 

Stop, Manual, Operator's Console 

Stop Instruction 

Stop Key, Card Punch 

Stop Key, Card Reader 

Stop Key, Printer 

Storage Capacity 

Store, Operator's Console 

Store for Printing, Instruction 

Store for Printing, program explanation .. 

Store Instruction 

Stored Program 

Subtract Instruction 



Page 

5 8 

62 

66 

5 5 

25 

27 

24 

24 

34 

29 

17 

30 

63 

56 

60 

57 

62 

66 

17 

56 

37 

60 

5 8 

.62, 63 

7 

56 

44 

44 

20 

8 

21 



Select Instruction 

Select Light, Card Punch 
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Table Look-Up 40 

Tape-Controlled Printer 78 

Tape, Description of 1 2 

Tape Indicator Light, Tape Unit 67 

Tape Mark 12 

Tape Records 12 

Tape-to-Card Program 1 4 

Tape to Card, program explanation 16 

Tape to Card and Printer Program 16 

Tape to Card Conversion 77 

Tape Unit 12, 65 

Transfer Instruction 13 

Transfer on Equal Instruction 27 

Transfer on High Instruction 27 

Transfer on Plus Instruction 37 

Transfer on Signal Instruction 33, 37 

Transfer on Zero Instruction 37 

Transferring Drum Operations 65 

Typewriter 25, 63 

Unload Instruction 26 

Unload Key, Tape Unit 67 

Write and Erase Memory Instruction 48 

Write and Erase Memory, program explanation 48 

Write Check Light, Card to Tape 77 

Write Check Light, Tape-Controlled Printer 79 

Write Condition Light, Tape-Controlled Printer 79 

Write Instruction 13 

Writing on Drum 6 5 

Zero Indicator 18 

Zoning 32 
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